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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


First-ever photo of 
Earth from the Moon 


Photos of the Earth from lunar orbit might have been made 
famous by the Apollo 8 mission's ‘Earthrise’, but astronaut 
William Anders’ iconic photo certainly wasn't the first of its kind. 
A machine got there first - the unmanned Lunar Orbiter I, to be 
precise, which took this black-and-white photo of Earth from 
the far side of the Moon in 1966. 
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Cold exposure 


The Franco-Italian research station Concordia is found at the 
most southerly point on Earth in Antarctica, an extremely 
dry and cold place where the mercury regularly sinks below 
-70 degrees Celsius (-94 degrees Fahrenheit). It's an ideal 

(if uncomfortable) location for ESA doctor Beth Healy to 
spend nine months searching for extremophiles, organisms 
that might well survive in similar conditions in space or on 
other planets. The light trail in this image is the result of a 
long exposure of a colleague's headlamp, as he walked to the 
station in the 24-hour blackness of an Antarctic winter. 
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Brian May leveraged his scientific credentials 
and high profile in the space community to meet 
NANSYAW-[olnalialicia ers] ce) mm @ar-a(=\-m sie) ((-1nm(aic4nl a )-lal6| 
become a science collaborator on the New Horizons 
mission, on his birthday weekend. He also spent 
time with the team looking at the results from the 
spacecraft's recent flyby of Pluto, describing his 
time there as “the best birthday gift ever.” 
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NASA is one step closer 
to discovering ‘Earth 2.0’ 


Say hello to Kepler-452b, an exoplanet that could be capable of supporting life 


‘The American space agency's continuing mission to 
discover planets within the ‘circumstellar habitable 
zone’ of a star (a bracket of space where atmospheric 
pressure is sufficient enough to allow the existence 
of liquid water) has reached a new milestone with 
the addition of giant exoplanet Kepler-452b. 

Discovered alongside 11 other planets with similar 
characteristics, this new planetary body is the 
1,030th addition to NASA's journey to unearth an 
interplanetary locale that could potentially support 
human life and is the most Earth-like planet to have 
been located in the decades-long programme. . 

“On the 20th anniversary year of the discovery 
that proved other suns host planets, the Kepler 
exoplanet explorer has discovered a planet and star 
which most closely resemble the Earth and our 
Sun,” said John Grunsfeld, associate administrator of 


Rosetta comet has sinkhole Jets 


ESA probe reveals dust 
jets that shed light on 

the diverse interiors of 
comets and meteorites 


Over a year into its study of Comet 67P/Churyumov- 
Gerasimenko, the ESA craft has finally discovered a 
series of active pits that are responsible for spewing 
clouds of dust and gas into space. Rosetta initially 
identified the remains of these jets floating around 
the comet, but thanks to some hi-res images taken 
from Rosetta’s on-board OSIRIS imager, scientists are 
now able to study the source of these high-powered 
jets. Located in the northern hemisphere of the 
comet, these pits range from a few tens to a few 
hundreds of metres in diameter and can extend up to 
210 metres (688 feet) below the surface. So far, 18 pits 
have been identified. 

“We see jets arising from the fractured areas of 
the walls inside the pits. These fractures mean that 
volatiles trapped under the surface can be warmed 
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NASA's Science Mission Difectorate at the agency's 
headquarters in Washington. “This exciting result 
brings us one step closer to finding an Earth 2.0.” 

So how similar to our home is this distant 
exoplanet? Is it really a second Earth? While it does 
exist within the same life-friendly band of space, 
Kepler-452b is actually considerably different to our 
verdant home. For a start it’s 60 per cent bigger, 
with a probable-mass that’s fives times that of the 
Earth. It also orbits a G2-class star that’s 1.5 billion 
years older than our Sun and has an annual orbit of 
385 days. In fact, scientists still aren't sure whether 
its surface is rocky or gas-based. 

A planet with Earth-like characteristics in a much 
later phase of its life offers the potential to study 
how a planet is affected by.a deteriorating star. “We 
can think of Kepler-452b as an older, bigger cousin 


ay 


more easily and subsequently escape into space,” said 
Jean-Baptiste Vincent from the Max Planck Institute 
for Solar System Research, lead author of the study. 
So what caused these unusual jets and sinkholes 
to form? The most common theory centres around a 
series of subsurface cavities which become too weak 


to Earth, providing an opportunity to understand 
and reflect upon Earth's evolving environment,” 
said Jon Jenkins, Kepler data analysis lead at NASA's 
Ames Research Center in Moffett Field, California, 
who led the team that discovered Kepler-452b. “It's 
awe-inspiring to consider that this planet has spent 
6 billion years in the habitable zone of its star, longer 
than Earth. That’s substantial opportunity for life 
to arise, should all the necessary ingredients and 
conditions for life exist.” 

Located around 1,400 light years away from 
Earth in the constellation of Cygnus, Kepler- 
452b will continue to be one of the programme's 
most fascinating discoveries, with teams at both 
the University of Texas in Austin’s McDonald 
Observatory and the WM Keck Observatory in 
Hawaii already studying both it and its star. @ 
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The sinkholes, located 
in the Seth region of 
t et, are helping 
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to support the weight of surface layer. “Although we 
think the collapse that produces a pit is sudden, the 
cavity in the porous subsurface could have [been] 
growing over much longer timescales,” said co-author 
Sebastien Besse, of ESA's ESTEC technical centre in 
the Netherlands. @ 
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“This planet has spent 

6 billion years in the 
habitable zone of its star, 
longer than Earth’ 


There are currently 4,696 
exoplanets that have been 
detected by Kepler. Only 
those verified with further 
study join the main list 





A hyperactive dwarf galaxy is revealed outside the Milky Way 


This dramatic shot, captured by the 
Hubble Space Telescope last month, 
shows the infant dwarf galaxy NGC 
1140 as it continues to produce new 
stars at an incredible rate. 

Located around 60 million light 
years away in the constellation of 
Eridanus, this miniature galaxy 
(which is ten times smaller than the 
Milky Way) has been fascinating 
astronomers ever since it was first 
discovered in 1785 by German- 
born British astronomer William 
Herschel. NGC 1140 also has an 
unusually irregular form for a 
galaxy of its size (much like the 
Large Magellanic Cloud located just 
outside the Milky Way). 

That irregularity is a by-product 
of the hyperactive nature of its 
composition, which is producing 
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stars at a much faster rate than 
our home galaxy, despite being 
considerably younger. This increased 
solar production is known as a 
starburst, with up to one star the size 
of our Sun being produced by NGC 
1140 per year. 

Galaxies such as NGC 1140 are of 
particular interest to astronomers 


Identifying a young galaxy is.easy due to 
the abundance of infant stars, which are 
EVI Ma ruevicoe-veleMitedelme)inccmlemae)(obig 





and scientists as their chaotic 
compositions are similar to the 
early galaxies that existed at the 
very beginning of the universe. 
Starbursting events usually contain 
significant amounts of primordial 
gas, a key building block which 
could give scientists a greater insight 
into these formative years. @ 
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Mars trip plans 
‘on track’ 


NASA's latest rocket, Space Launch 
System, has passed final review. 
The first evaluation of its kind in 
four decades involved studying 
every facet of the Mars-bound 
project. It's to be part of the Orion 
Space Flight mission, which will 
take astronauts into deep space. 


Euro weather 
craft hits orbit 


The European Space Agency 
(ESA) has successfully launched 
the latest satellite for its Meteosat 
second generation into Earth's 
atmosphere. The two-satellite 
system provides continuous 
weather updates for both Europe 
and Africa. 


Jupiter JUICE 
mission readies 


French contractor Airbus Defence 
and Space has been selected for 
the ESA's JUICE mission, which 
aims to study Jupiter and its many 
icy moons. It is the first large-class 
mission in the ESA's Cosmic Vision 
programme and is aiming for a 
2022 launch date. 


Rosetta enters 
perihelion 


The ESA's Rosetta probe continues 
its investigations into Comet 67P, 
including entering the perihelion 
phase - the closest point to the 
Sun in the comet's orbit. The 
increased heat warms the icy 
body of the comet, enabling 
scientists to study its vapour trail. 
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The silica-based bedrock could be 
capable of preserving organics 


Unusual bedrock 
intrigues Cuniosity 
Anew rocky discovery with 
high amounts of silica has 
NASA scientists hopeful for 
signs of Martian life 

The NASA-operated Curiosity rover 
has stumbled across a startling new 
discovery in the bedrock near the 
‘Marias Pass’ on Mount Sharp. 

The discovery was initially 
made when two of Curiosity’'s 
on-board instruments - the 
laser-firing Chemistry & Camera 
(ChemCam) and the Dynamic 
Albedo of Neutrons (Dan) - detected 
considerable amounts of silica and 
hydrogen. Silica is of particular 
interest as it provides ideal 
conditions for the preservation of 
organic material. The bedrock in 
question, designated ‘Elk’, is located 
roughly 46 metres (150 feet) from 
the main geological contact zone 
for the Curiosity rover, so the new 
study site isn't likely to affect its 
usual routine. 

“One never knows what to 
expect on Mars, but the Elk target 
was interesting enough to go back 
and investigate,” said Roger Wiens, 


the principal investigator of the 
ChemCam instrument from the Los 
Alamos National Laboratory in New 
Mexico. With Curiosity continuing 
to search for traces of life on the 
Red Planet, such a find has proved 
exciting in its potential. @ 
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The pulsar is flinging 
material away at over ten 
per cent light speed 


Sts through stellar disc 


Astronomers witness a phenomenally powerful cosmic collision 


Astronomers behind the Chandra 
X-ray Observatory at Cape Canaveral 
captured an incredible stellar event 
recently - the moment a cloud of gas 
around a giant star was punctured by 
an energetic pulsar. 

The colossal collision took place in 
the double star system PSR B1259-63/ 
LS 2883, roughly 7,500 light years 
from Earth, which contains a giant 
star that’s 30 times bigger than our 
own Sun and a fast-moving, spinning 
pulsar travelling at 65 million 
kilometres (40 million miles) per 


Earthly nutrient found in space-based dust 


hour. The impact was due to the rapid 
rotation of the pulsar (which spins 

20 times a second) and its intense 
magnetic field, which brought its 
highly elliptical orbit into a path with 
the star’s gaseous disc. 

“These two objects are in an 
unusual cosmic arrangement and 
have given us a chance to witness 
something special,” said George 
Pavlov of Penn State University, and 
lead author of a paper describing 
these results. “As the pulsar moved 
through the disc, it appears that it 
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flung it away into space.” 

Despite the clump knocked loose 
being hundreds of times bigger 
than our Solar System, the debris 
is very thin, which could explain 
why it continues to spin away from 
the elder star at seven to 15 per cent 
the speed of light. “This just shows 
how powerful the wind blasting 
off a pulsar can be,” said co-author 
Jeremy Hare. “It's so strong that it 
could eviscerate the disc around its 
companion star over time.” @ 





Could vitamin B3, one of the many nutrients essential to human 
life, actually be extraterrestrial in origin? 


A new report from a research team 

at the Goddard Space Flight Center 
suggests the organic compound niacin 
(otherwise known as vitamin B3) 

may not have originated on Earth, but 
instead found its way here via passing 
meteorites and comets. The nutrient 
is used to build NAD (nicotinamide 
adenine dinucleotide), which is 
essential to the metabolism of most 
life forms on Earth. 

The research follows a similar 
project that analysed carbon-rich 
meteorites and discovered vitamin 
B3 was present in concentrations 
that ranged from 30 to 600 parts 
per billion. The research showed 
that B3 could be made from a simple 
molecule known as pyridine in the icy 
conditions of space. 

“We found that the types of 
organic compounds in our laboratory- 
produced ices match very well to what 


Exploding stars and 
the winds from red 
giant stars near the end 
of their lives also help 
spread compounds 
such as vitamin B3 


is found in meteorites," said Karen 
Smith of NASA's Goddard Space Flight 
Center in Greenbelt, Maryland. “This 
result suggests that these important 
organic compounds in meteorites may 
have originated from simple molecular 
ices in space. This type of chemistry 
may also be relevant for comets, 
which contain large amounts of 

water and carbon dioxide ices. These 
experiments show that vitamin B3 and 
other complex organic compounds 


could be made in space. It’s plausible 
that meteorite and comet impacts 
could have added an extraterrestrial 
component to the supply of vitamin 
B3 on ancient Earth." 

The research also supports the 
popular theory that the genesis of life 
on Earth wasn't an entirely terrestrial 
process, with the introduction of 
alien elements from said meteorites 
and comets that impacted the planet 
millions of years ago. @ 
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What has New Horizons 





NASA's nine-year mission to study Pluto moved up 
a gear in July 2015 when New Horizons began its 
approach, carrying a battery of spectrometers, visual 
and infrared cameras to within 12,500 kilometres 


taught us about Pluto? 


and fixing the problem was a tense process. A day 
later, NASA confirmed that New Horizons was 
healthy once again and, despite the loss of a day's 
worth of data, it was in good shape for the upcoming 





The craft has enough fuel to remain active until 
2020, and the team is already lining up a Kuiper Belt 
flyby for 2019. This extended mission is still pending 
approval from NASA but could provide an incredible 


(7800 miles) of the mysterious dwarf planet. 

The atmosphere in mission control must have 
been tense as New Horizons neared its primary 
mission objective. On 4 June, with just ten days to 
go, New Horizons’ systems overloaded and it went 
silent. A built-in recovery protocol directed the craft 
to engage its backup computer and call home for help 
but communications take nine hours to travel from 
its systems to Earth and back again, so identifying 


Pluto has a heart 


approach to Pluto. 

The two-hour-and-15-minute flyby was a 
triumphant success and with more than 50 
gigabits of data gathered over all nine days of the 
close approach, the team must wait for it all to be 
transmitted back to Earth. 

For now, New Horizons is sending compressed 
versions of its observations, and the download of the 
full dataset won't be complete until late 2016. 


insight into the mysterious objects found in the far 
reaches of our Solar System. 

After it completes its active duty, New Horizons 
will join the Pioneer and Voyager probes on their 
journeys into deep space. The ashes of Clyde 
Tombaugh, the man who discovered Pluto, are on 
board the craft and, as New Horizons continues on its 
travels, his will become the first human remains ever 
to leave the Solar System. 


What we knew 

Before New Horizons, our best images of Pluto were 
still a fuzzy blur, not even the Hubble Space Telescope 
could improve them much. All we knew was that it was 
reddish in colour, and that the blotchy patterns on its 
surface changed over time. 

What we now know 

The dwarf planet is much loved, and when New 

me) sy4o)al-w-) 8-6 i Ke)"\\7-] 46 (| aad (0)-1=1-] r=] 8) 8) c0)-( 68 MN LAT-L ANY] 
people were delighted when it snapped images 
revealing that Pluto has a heart. The bright feature, 
found just above the equator, measures around 
1,600km (1,000mi) across. 


The bright part of Pluto's heart 
could be filled with snow, 
contrasting with Charon (right) 


Frozen nitrogen snows on Pluto 


What we knew 

Snow is unusual in the Solar System. On Earth, it seems 
very familiar, but there are only a few other places 
where any frozen flakes fall - Mars, Jupiter's moon lo, 
and Saturn's moon Titan. 


What we now know 

Pluto has an atmosphere of nitrogen, and there is 
evidence of geological activity beneath its surface - 
making snow on its surface a possibility. When asked 
about whether surface features could be snow, New 
Horizons principal investigator Alan Stern told the 
media, “it sure looks like it”. 


The ‘heart’, or Tombaugh region, 
ee Veeeb lito wlbicek-Releeicnas 
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Mountains 
bigger than the 
Rockies cross 
Pluto's surface 


There are huge ice mountains 


It was obvious from the moment of Pluto's 
discovery that it was going to be cold, but exactly 
how its frozen surface would look was a mystery. It 
was expected that Pluto would be flat and lacking 
any evidence of active geology. 


It has a youthful moon 


Charon’'s deep canyon can be seen 
in shadow on the right of the moon 


What we knew 

Pluto's largest moon, Charon, was only discovered in 
1978. At half the size of Pluto, it is sometimes argued 
that it is a dwarf planet in its own right. Scientists 
thought its surface might be covered in craters. 

What we now know 

Charon has become one of the stars of the mission 
after NASA revealed It has a system of deep cracks that 
put the Grand Canyon to shame. It has surprisingly few 
impact craters, indicating that there is some geological 
activity below the surface. An enormous, as yet 
unidentified, dark spot scars its surface. 
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Pluto is home to jagged mountains, some taller than 
Canada’s Rockies. NASA scientists think that they 
are made up of water ice, frozen so solid that it has 
the consistency of stone, covered in a thin layer of 
methane, carbon monoxide and nitrogen. 


The surface is changing 


Pluto is 4.5 billion years old and 5.9 billion km (3.7 
billion mi) from the Sun, so we thought it'd be cold 
and dead. Without any geological activity to reshape 
the surface, we expected it to be covered in craters. 


New Horizons spotted unusual frozen plains on 
Pluto's surface. Smooth and uncratered, they were 
likely formed within the last 100 million years, making 
this one of the youngest features in the Solar System. 
It indicates that something is keeping the inside of 
the dwarf planet warm, we just don't know how. 


This is Pluto 


It's bigger than we thought 


What we knew 

Pluto's tiny size saw it demoted to dwarf planet 

in 2006, but until now we weren't sure of its 

actual dimensions. Its atmosphere complicates 
measurements, but it was estimated to span around 
2,306km (1,432mi). 

What we now know 

According to the latest measurements from New 
Horizons, Pluto is actually 2,370km (1,472mi) in 
diameter. An additional 64km (40mi) might not sound 
like much, but the extra inches make Pluto ever so 
slightly larger than dwarf planet Eris - which started 
the planet debate in the first place. 


— “> i = 


Earth, compared to Pluto 
(above:centre) and Charon 


The young, relatively smooth 
plains surprised scientists 





re 


The team pauses to celebrate /as ew 


_ As the short binary message came through fro 
ew! Horizonsjon 14 July 2015, the researchers at 







Jock alae telemetry with spacecraft,” saidie op 
manager, Alice Bowman. “It looks like we have a | 
good data record.” ri , 

The room erupted pith cheers. “We havea 


Mission reo) siace)| crowded around to hear. “We are fl 


in avant but with no way to make contact, the 

waiting scientists had no idea what was happening; 

" “there is a little bit of drama,” said principal 

investigator Alan Stern. 

the Pluto system. We are outbound from Plu tO, Ys. Only one per cent of the data gathered’ before the 

Bowman finished, to another round of applaus se. . — flyby had been transmitted back to Earth, so there 
After a tense 21-hour wait, the New Horizons team Was a huge amount already to lose, and as New 

had gathered anxiously at mission control, waiting Horizons made its pass, there was a slim chance of a 

for this critical moment. During its historic flyby, collision with a chunk of ice in the Kuiper Belt. At its 


& 
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miles per hour), such a knock could have been fat 
On the ground, the Deep Space Network 


pictures to the public, Alan Stern said, " eloynue ca 
any of us could have imagined that it was this good 
of a toy store.” 


www.spaceanswers.com 










EE i 

/ y 
ee i _ aoe A. Ui ii j 
Randy Gladstone waa John Spencer Alan Stern / Kimberly Ennico 
Atmospheres theme team. | Imaging team leader Principal investigator Deputy project scientist 
Randy Gladstone is an atmosphere John Spencer is the resident ‘ i Alan Stern is the principal Kimberly Ennico is a specialist in 
expert. He is leading the team geology expert of the team. His job V4 t investigator in charge of the New imaging technology and instrument 
investigating the gases that is to interpret and report on the fe), Horizons mission. His research development. She is responsible for 
surround Pluto, and is part of the images captured by New Horizons’ : career has focused on the outer preparing and calibrating the tech 
team in control of the ultraviolet on-board cameras, giving meaning Solar System and he still thinks of on board New Horizons prior to and 
light-detecting Alice instrument. to the landscape. Pluto as a planet. during the mission. 
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‘ w Some of New Horizons’ top brass 
- ——" react to the first datum of Pluto from 
the spacecraft’s closest approach 
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A decade is a long wait from launch to target... 
Yes, I've been working on this for more than a decade 
and even just back in January when it turned 2015, 

I had to pinch myself! Then when we were getting 
Ralph data down from the spacecraft I was like, ‘I 
can't believe we're seeing Pluto, I can't believe Pluto's 
getting bigger!’ It feels so surreal because we've 
Waited for it for so long. 


We can imagine that around the time it was like 
Curiosity’s ‘seven minutes of terror’ as the lander 
made its final descent? 

Right. I think we already had that with our reset, so I 
think we're good from here! [laughs] 


As a planetary scientist with a particular interest 
in the icy worlds of the outer Solar System, this 
mission must be especially exciting for you. 
What do you hope to discover about Pluto? 

Many things - but by looking at Pluto we are 

looking at the best studied example of bodies in the 
Kuiper Belt, in the third zone of the Solar System 
past the giant planets, where there's all these icy and 
rocky bodies that we didn't really know existed. We 
knew of Pluto since 1930, but it wasn't until the early- 
Nineties that the additional Kuiper Belt objects were 





The big dwarf planet question 


We speak to senior New Horizons’ deputy project scientist Dr Cathy Olkin about Pluto's 
divisive status as a dwarf planet and the future of New Horizons in the Kuiper Belt 





‘Tt didn't affect the mission... I'll still 
call it a ‘planet’. That feels like the right 


name to me’ 


being seen. So, what I am really excited about is... the 
composition of Pluto's surface and its atmosphere. 

To look at Pluto's moons and have examples of what 
these bodies look like in this outer region of the 
Solar System. 


How was the window for taking really detailed 
photos of Pluto? 

Really detailed images started [over] a month ago 
when we were seeing resolutions better than we 
could see from the ground. So from that point 
forward we were learning new things every day. 


Can we expect New Horizons to return images of 
Pluto as detailed as those taken by Voyager 1, for 
example, on its 1979 flyby of Jupiter? 

There are regions that [we've mapped] at 200 metres 
[656 feet], even 100 metres [328 feet] per pixel and 
there are certain regions at around 70 metres [229 


(From left) Principal investigator 
Alan Stern, project scientist Hal 
Weaver, investigator Will Grundy 
and project scientist Cathy Olkin 
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feet] per pixel. As Alan Stern likes to say, “If we could 
move New York City to Pluto, we could count 

the ponds in Central Park.” That's a great way of 
explaining it because a lot of people can relate to that. 


You are project scientist for the Ralph instrument 
- New Horizon’s ‘eye’. Can you tell us a little bit 
more about it? 

So there are two cameras, the LORRI camera and 
the Ralph camera. The Ralph camera gives us 

colour imaging of the targets we are looking at: 
Pluto, Charon and the small moons. It's also two 
instruments in one, the colour camera and also an 
infrared spectrometer. So we can look in the infrared 
and learn about the composition of the surface of 
these bodies, so it's really a two-for-one. 


Pluto's a very cold Solar System object - do 

you hope to penetrate the surface and look for 
subsurface oceans? 

We won't be penetrating the surface, but we have 
thought that there might be an ocean beneath the 
surface. There could be geological manifestations 

of that on the surface - we might be able to infer 
something about that. But we won't be probing deep 
into Pluto to see that. 


How long will New Horizons be operational? 
New Horizons can go on for years and years and 
years. I can't give you a solid answer on that but the 
spacecraft is healthy, the instruments are healthy, 
we have a good power supply that's working well. So 
there's no end in sight. 


So potentially, it could go on into interstellar 
space like Voyager 1 and 2? 
Yes. That's right - it’s what we expect will happen. 


Pluto was ‘downgraded’ to dwarf planet status in 
2006, months after New Horizon’'s launch. Did 
this affect the mission at all? 

It didn't affect the mission and you'll find that many 
of the mission scientists still refer to Pluto as a 
‘planet’. It really didn't change how I look at Pluto at 
all. I'll still call it a ‘planet’ when I'm discussing it, that 
feels like the right name to me. 


So it was just a technicality and business as 
usual for you? 

Certainly from my perspective. I call it a planet - it 
has an atmosphere and moons - it seems like a 
planet to me. 
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The markings on Pluto's surface have been mapped to allow 
scientists to analyse the different regions of light and dark material. 


As New Horizons made its final approach, it captured 
these portraits of Pluto and its largest moon, Charon. 
The interesting geology was already coming into focus 


Data gathered by New Horizon’'s Ralph instrument reveals a large 
patch of frozen carbon monoxide at the centre of Pluto’s heart 
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heart. This unusual * , 


This is Pluto 







A close-up of Pluto's thin atmosphere, which is collapsing back on to its surface 








These images have for the first time 
revealed the irregular outlines of Hydra 
and Nix, two of Pluto's smaller moons 












A second range of 
mountains was snapped . 
atthe bottomleftedge “™. 
of Pluto's now famous - 


geography remains a 
puzzle for scientists 
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Hornzons 


Written by Dominic Reseigh-Lincoln 


Ever since it was discovered in 1930, man has looked 
to the distant world of Pluto and wondered what 
secrets lie in wait on its bitterly cold surface. Even 
though it was officially downgraded to ‘dwarf planet’ 
status in 2006, we're no less fascinated with the 


Launch: 19 January 2006 
Launch rocket: Atlas V 551 


Target: Pluto largest object in the Kuiper belt. Now, after nine-and- 

a-half years of interplanetary travel, we're finally able 
Operators : NASA to study this peculiar dwarf planet in greater detail 
Closest approach: 14 July 2015 thanks to the arrival of one of NASA's most exciting 
Probe landing: None programmes: New Horizons. 


While it’s taken almost a decade for the craft to 
reach its destination, the genesis of what would 
become New Horizons has its origins as far back as 
1990. Today it's a team led by eminent planetary 
scientist Dr Alan Stern, but the idea of visiting Pluto 
began life as the Pluto 350 project. Based out of the 
Applied Physics Laboratory at Southwest Research 


Mission ends: January 2025 

Current time in space: Nine years and 
five months 

Flybys: One 





| €<—-2.1 metres — 








Between 2017 and 2020, the 
teams behind New Horizons 
hope to use the craft to study 
Pluto's moon Charon and 
other bodies in the Kuiper belt 


Institute in San Antonio, Texas, the plan was to 
create a lightweight, cost-effective spacecraft that 
could travel the 7.5 billion kilometres (4.6 billion 
miles) between Earth and Pluto as well as survive the 
extreme cold of the exoplanet's atmosphere. 

The project evolved into the Pluto Fast Flyby 
programme based out of the Jet Propulsion Laboratory 
in California and research continued in earnest. A 
few years later and the project was reborn under a 
new name, this time using the moniker Pluto Kuiper 
Express, with an aim to launch by 2000. However, 
by the turn of the new millennium the programme 
was shut down due to a lack of overall support from 
NASA's top brass and a lack of concrete funding. 

Despite this setback, the aim to finally reach Pluto 
was far from dead. From the ashes of those failed 
programmes came New Horizons. Question was, 


“From the ashes of those failed 
programmes came New Horizons. Would 
It avoid the pitfalls of its predecessors?" 


i 





The ashes of Clyde Tombaugh, Pluto's discoverer, 
are on board New Horizons 
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User Manual New Horizons spacecraft 


Anatomy of New Horizons 


Now that it's arrived at Pluto, the NASA craft will be using an array of specialised 
tools and instruments to study the dwarf planet and its neighbours 


@ SWAP 
| The SWAP (Solar Wind Around 
Pluto) is the largest device of its 
kind ever built. It measures the 
interactions between Pluto and 
solar winds (the flow of charged 
particles streaming from the Sun). 


@ PEPPS! 


This isn't some horribly misjudged 
marketing ploy: the Pluto Energetic Particle 
Spectrometer Science Investigation 
component exists to study the composition, 
density and nature of energetic particles 
expelled from Pluto's atmosphere. 






@ LORRI 












@ REX 

The REX (Radio Science 
Experiment) is a small circuit 
board weighing a tiny 100 grams. 
This minuscule device measures 
the pressure and temperature 
found in Pluto's atmosphere. 


The Long Range 
Reconnaissance 
Imager on board 
New Horizons is 
one of the craft's 
eyes, consisting 
of a panchromatic 
(black and white), high- | | 
magnification telescope \~ D 

that can operate in the a 


cold atmosphere of Pluto. 
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@ Thrusters 
There are a total of 16 thrusters 
on board New Horizons, which are 
used in conjunction with data from 
the star trackers to keep the craft 
travelling in the right direction. 


@ Star trackers @ Student Dust Counter @ Ralph 

These devices act like The SDC (or Venetia Burney The main eyes of New @ Alice 

attitude controls ona Student Dust Counter to Horizons, Ralph consists of This ultraviolet imaging RTG @ 
conventional aircraft. In give it its full title) is found three panchromatic and four spectrometer is used to analyse New Horizons is powered 

a nutshell, these sensors on the underside of New colour imagers that work in the composition of Pluto's by a cylindrical radioisotope 
enable the craft to keep Horizons and detects tandem with the Alice imaging atmosphere. It works by thermoelectric generator, which 
itself orientated at the microscopic dust grains spectrometer. Its job is to separating different wavelengths provides around 200W-worth 
correct angle, as well as found in the outer reaches construct maps of Pluto and of light and constructing an image of juice to the craft's 
generating navigation data. of our Solar System. other planetary bodies. of Pluto at each wavelength. instruments and hardware. 
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THIS IS PLUT© 


Dodging asteroids 

As New Horizons approached 
Pluto, NASA had to recalibrate 
its trajectory to accommodate 
for debris and detritus 
surrounding its target. 


@ 19 January 2006 
After 16 years of abandoned 
projects and multiple name 
changes, the New Horizons 
spacecraft launches without 
a hitch from Cape Canaveral 
in Florida. 


28 February 2007 
NASA alters the course 
of New Horizons so it 
flies directly past the gas 
giant Jupiter. By using 
the planet's gravity well, 
the craft saves three 
years of flight time. 
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how would this new plan avoid the same pitfalls 
as its predecessors? The key was its budget. The 
core of NASA's space programmes are split into two 
main divisions - the high-costing Frontier Program 
(including the Voyager and Galileo probes) and the 
financially less encumbering Discovery Program 
(Dawn, Kepler etc). By fitting itself in between these 
two sectors, the growing team behind the craft could 
finally focus its attention on New Horizons. The road 
to Pluto had begun. 
Much like the aborted designs that failed to 
reach launch, New Horizons is a lightweight, cost- 
effective interplanetary probe designed specifically 
for a long commute through space and the deathly 
cold atmosphere found far from our home star. The 
craft itself isn't just travelling an incredible 
distance, it’s also aiming to arrive at a 
region of space just 300 kilometres (186 
miles) in diameter. Navigating the 
vast, pitch-black expanse of our Solar 
System is no mean feat, so it's no 
surprise it took the teams involved 
SIx years to see New Horizons 
through to completion. 
“| The programme was almost 
= cancelled again when it wasn't 
included in the government's budget 
for space programmes in 2003, although 
with original project leader Alan Stern 


Digital camera @ 
Ralph has, and will, play a vital role 
in New Horizons’ study of Pluto. 
The combination of colour and 
panchromatic imagers will provide 
in-depth shots of the dwarf planet. 





@ December 2014 

As 2014 draws to a close, New 
Horizons is awakened from 

its slumber for a final time. It 
now begins its preparations 
for arriving at Pluto in 2015. 


@ 14 July 2015 
After almost a 
decade of flight 
through the depths 
of space, the New 
Horizons spacecraft 
makes its closest 
approach to Pluto. 


@ 2007-2014 
For around seven years, New 
Horizons enters a state of 
hibernation. Despite being 
partially powered down it awakens 
for 50 days a year to ensure every 
component is still functioning. 
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back on board, the team was now well into the 
craft's design. With an overall budget of around 
$650 million (£417 million), New Horizons was built 
primarily between Southwest Research Institute 
and the Johns Hopkins Applied Physics Laboratory 
in Maryland. When it finally launched 
from Cape Canaveral on 19 January 2006, 
the spacecraft was poised to visit the only 
unexplored planet left in our stretch of the 
universe - however, in a bizarre turn of 
events, Pluto was declassified as a planet 
and demoted to dwarf planet status when 
New Horizons was mere months into its 
journey. Despite this, the team was no less 
driven to discover the secrets of Pluto and 
its distant neighbours. 

So now that New Horizons has 
reached Pluto and its neighbours, what 
will it be doing? The main goal will 
be to understand the formation of the 
area of space known as the Kuiper belt 
(a series of planetary bodies, including 
an asteroid belt and a trillion or more 
comets), providing us with a far greater 
understanding of the universe's 


infant years. NASA hopes to | VW | 


determine the composition of Al ( 


Pluto's atmosphere and how 
Head to head 


solar winds interact with it. As 

New Horizons weighed in at a slim 478kg (1,054Ib) 
compared to the chunkier 721.9kg (1,592Ib) of the 
Voyager 1 probe, which launched in 1977. While 


this might sound weighty, it pales in comparison 
to the standard 12,650kg (27,888Ib) of anormal Voyager! NewHorizons Double-decker bus 
7219kg 478kg 12,650kg 


Vital statistics 


7 6 m on th IS That's around 
Time it will take to get all —— y, i; 


data from New Horizons 
lunar orbits 


47 Skg is. 


The mass of New 
Horizons when it launched 


75 billion km 


The distance New 
Horizons has 
travelled to get to 
Pluto from Earth 


4 Y% hours 


The time it takes 
for a signal to 
travel from New 
Horizons to Earth 


it begins its main mission, New Horizons will 
map the geology, morphology and structural 
composition of Pluto and company, measuring 
temperatures and understanding how a region of 
space this far from the Sun functions. 

While New Horizons may not be the first 
craft to pass through Pluto's presence (Pioneer 
10, Pioneer 11, Voyager 1 and Voyager 2 beat it to 
the punch there), it is the first to focus its entire 
attention on it. NASA plans to perform countless 
flybys (manoeuvres that use a planet's gravity 
to slingshot a craft past it), with the intention 
of gathering the most data ever recovered from 
the dwarf planet. Despite being in hibernation 
for most of its nine-and-a-half-year journey, most 
of New Horizons’ power won't come from the 
usual solar energy source of the Sun. Instead, the 
craft will use a special thermoelectric generator 
known as a radioisotope thermoelectric 
generator (RTG) that will keep powering it long 
into the next decade. @ 


- @ Destination Pluto 
New Horizons launched 
in early 2006, taking over 
nine years to make its flyby. 





















Sniffing out 
methane on 
Pluto 


We've known for a while that methane 
exists on Pluto (as far back as 1976, in fact), 
but it’s only now that NASA can begin 

to study the chemical compound on the 
distant exoplanet. New Horizons is using its 
on-board infrared spectrometer to detect the 
gas with the aim of understanding how it 
was formed in an alien environment. 


wae 





a 
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Z New Horizons’ 

= Ralph instrument 
» shows pockets 

\ of methane 


"he ice across the 
surface. 
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A flight from the UK to Cyprus 
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Make a 
probe safe 


1 Identify the problem 

Should an unmanned spacecraft identify an 
unexpected issue (such as veering off course 

or an instrument not responding), the craft will 
immediately move into safe mode and relinquish 
manual control to NASA. 





2 Run tests and readjust 

When in safe mode, an unmanned spacecraft 
will revert to its backup computer (just in case 
the issue in question relates to an on-board 
software problem). While in this state, the craft 
will slow down for any course readjustments. 
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Resume the mission 

A Safe mode event can last anywhere from a 
single day to a week, depending on the severity 
of the problem. Any flybys or scheduled images 
are usually delayed to a later date to ensure the 
craft is fully capable of reverting to autopilot. 
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Focus on The Medusa Nebula 


u 





The Medusa + 
act — 


Youte looking at the eventual fate of 
our Own Sun, billions of years from now 


This is the most detailed image ever taken of the Medusa 
Nebula, or Abell 21, found 1,500 light years from Earth: — 
When it was first discovered in 1955 it was thought tobe »# . 
a supernova remnant, but subsequent observations led + 
* astronomers to conclude that this large and dim celestial . Yd = 





object is most likely to be a planetary nebula. These 
are relatively short-lived objects, lasting several tens of . 
thousands of years and are formed at the end of a star's 
ife during the red giant phase, when the star throws 
off its outer layers leaving an exposed core to ionise the 
.ejected gases, causing them to glow. In around 5 billion 
years this will be the fate of our own Sun, creating an 
attractive planetary nebula of its own. @ 













The European Southern * 
Observatory’s Very Large 
Telescope took this highly 
@ detailed image of the particularly 
large Medusa Nebula 
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Racing through space and crashing into Earth's 
atmosphere, All About Space discovers the 
Space rocks that litter our Solar System / 


Written by Gemma Lavende 
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A meteor shower occurs when 
Earth dances into a path of debris 
left behind by a comet or asteroid 


Every 133 years a comet that goes by the name 

of Swift-Tuttle makes its return to the inner Solar 
System. It last made an appearance 15 years ago. Each 
time it nears the Sun this speeding ball of ice, rock 
and dust grows a tail that deposits a glittering trail in 
its wake, replenishing it on each visit. 

Every year, our very own planet moves through 
this cloud, causing those dust particles to come 
crashing through the atmosphere. Most of them are 
tiny, just centimetres or even millimetres across, but 
as they burn up 100 kilometres (60 miles) above our 
heads they leave a bright streak of light. We call this a 
meteor, although you may know them by their more 
common name of ‘shooting star’. The space between 
the planets and around Earth's orbit is full of dust, so 
every night there will be one or two random meteors. 


But when the Earth travels through the cloudy trail 
of dust left by a comet such as Swift-Tuttle, there 

are SO many meteors that it is described as a meteor 
shower. If you have ever seen one, then you'll know 
that meteor showers are among the most spectacular 
sights in the entire night sky. 


There are many meteor showers each year, some 
better than others. The dust left by Swift-Tuttle 
forms the Perseid meteor shower, which is a great 
summertime meteor shower that runs from 17 July to 
24 August each year. However, each meteor shower 
has a peak, which is a time when the shooting 
stars falling through the sky occur in their greatest 
number. For the Perseid meteor shower this peak 
occurs on 12 and 13 August. Either side of this peak, 
the number of meteors drops off. You can understand 
the reason for this if you imagine the trail left by the 
comet beginning to spread out. The peak coincides 
with the densest part of the trail and the most active 
meteor showers can produce more than 100 shooting 
stars per hour. 

Other great meteor showers include the 
Quadrantids in January with the peak on the 3 and 4 
of the month; the Lyrids between 16 and 26 April; the 
Orionids that peak on 21 October; the Leonids that 
are at their maximum between 17 and 18 November; 
and the Geminids, which are at their best on 13 and 
14 December. The names of the meteor showers 


‘Tt flattened the trees for hundreds 
of miles around. Now that is a city- 


destroyer” 
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come from the constellations in which they appear 
to streak from - this is the direction in which Earth 
is moving through the dust trails. For example, the 
Perseids streak across the sky from their ‘radiant’ in 
Perseus, the Leonids from Leo and the Geminids 
from Gemini. 

Speaking of the Geminids, they are actually unique 
among meteor showers. All the rest are produced by 
dust from comets, but the Geminids are produced by 
dust left by an asteroid, known as 3200 Phaethon. 
This goes to show that sometimes the lines between 
asteroids and comets can be blurred. Astronomers 
have even witnessed some asteroids in the asteroid 
belt acting like comets, by growing a tail. 

This is why wrapping up warm, going outside, 
looking up and counting meteors is scientifically 
important. Differences in the speed, direction, 
brightness and colour of meteors can tell us a lot 
about the nature of the object that produced them. 
For example, Geminid meteors tend to move more 
slowly than meteors left by comets and they burn up 
at a much lower altitude of about 38 kilometres (24 
miles) above ground. 

Occasionally, a meteor entering the atmosphere is 
a little larger than the rest. Rather than just leaving 
the thin streak of a shooting star, they are bigger 
and brighter, sometimes even brighter than Venus. 
These are fireballs that are burning up lower in the 
atmosphere. The brightest fireballs are called bolides 
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Comets, asteroids and meteor showers 


Comet 

These bodies are made of ice, rock dust and 
frozen gases. Comets have a nucleus and show 
off a brilliant tail when they get closer to the Sun. 


Naming space rocks 


Depending on their size, what they're made of ee ape 
sae é s they disintegrate, some comets lea 

and whether they re inside or @blesiel: the Earth's of solid debris. A comet's nucleus ranges from 

atmosphere space eee rele ‘eee! new name 16-60km (9.9-37mi), while their tails can stretch 


ice)malelale/gzve(cmeymonliiite)acmeymdicelasecsoe 


~ Meteoroid 
* A small rocky or metallic body that races 
‘ through space, meteoroids are quite a lot 
~ A smaller than their larger cousins, the asteroids. 
y, wen They range in size from small grains to 1m 
(3.3ft) wide chunks of rock. Lumps of space 
Meteor showers rock that are even smaller than meteoroids are 


These occur at the same time classified as micrometeoroids or space dust. 
every year, when the Earth 


passes through a region that 

has a large concentration of 
debris shed from either a 
comet or an asteroid. From \ 

ys our location on Earth, meteors a 
_ appear to originate fromthe ~*~ i 
same location year after year. 
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Any large lump of space rock 
that ranges in size from 1m 
(3.3ft) to hundreds of km, is an 











asteroid. They often pass our Meteor 
planet and are found, most The streak of light that's thrown 
commonly, in the asteroid belt \ (o) Uh mm 8 )Yar- na =1 10) ge) (6 Me) mr- la 1K>] Ke) (6 






between Mars and Jupiter. ° as it enters the atmosphere at 
high speed. The brightness comes 
about as the rock rubs against air 
particles to make friction, which 


heats the meteors. 

















Fireball 
This is another term for a very 
bright meteor. If you ever see a 
fireball streaking through the night 
sky, then you will quickly notice 

its bright white to orange hue 
outshines that of the brightest 
planet in the sky, Venus. 









exe) i(e(=) 
Similar to fireballs, however in 
this instance, their brightness 
is likened to that of a full Moon 
and even brighter. Bolides often 
explode in the atmosphere. 
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Origin 
_ The Chelyabinsk meteor was a 20m (66ft) wide 
asteroid known as an Apollo asteroid, which 
spends most of its time inside Earth's orbit, closer 
to the Sun. 


Unseen danger 

Since the meteor came from the southeast, 

out of the glare of the Sun, it effectively 
approached us in our blind spot, where our ground- 
based telescopes cannot look. 





Fireball 

It entered the atmosphere at about 9.20am. 

Yekaterinburg Time (YEKT) on 15 February 
2013 at a velocity of 19km/s (12mi/s). It glowed so 
brightly that, to the people of Chelyabinsk, it looked 
brighter than the Sun. 








Airburst , 

At a height of 30km (18mi) off the ground, 

the asteroid exploded with the energy of 500 
kilotons of TNT. A ball of extremely hot dust and 
gas continued to push a further 3.2km (2mi) into the 
atmosphere before dissipating. 


Caught on camera 

Because so many drivers in Russia have 

dashboard cameras, most of the footage of the 
fireball came from people driving to work, or from 
security cameras. ~ 





. 


Delayed shock wave 

People on the ground saw the light and the 

smoke trail left by the fireball, but because 
light travels faster than sound, they heard nothing 
until nearly two minutes later. 


How the Chelyabinsk meteor hit Earth | 


Injuries 

Almost 1,500 people were injured, mostly 

by flying glass as the shock wave shattered 
windows. This is by far the highest number of 
injuries caused by a meteor. 
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Crater 


Although the meteor was mostly ce 
destroyed in the explosion, fragments pa 
did reach the ground as meteorites, where a alt 
piece crashed into a frozen lake. nt a re ‘= 
or “= 





On 15 February 2013, a meteor 
with a mass of around 13,000 
tons exploded above the 
Chelyabinsk region of Russia 
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- if youre lucky enough to see one, you might even 
see chunks breaking off, on fire. Meteors around 20 
or 30 metres (66 to 98 feet) in size will explosively 
fragment in the atmosphere, causing an airburst like 
the dramatic event that occurred over the Russian 
city of Chelyabinsk in 2013. This exploded 30 
kilometres (18 miles) above the ground and the shock 
wave shattered windows, damaged roofs and sent 
1,500 people to hospital with cuts from flying glass. 

The biggest meteors can actually reach the 
ground before they completely disintegrate. When 
they do, we call them meteorites and over 61,000 
of these have been found on Earth. Most of them 
are chunks of rock smaller than your hand and the 
most common place to find them are in the white, 
icy landscape of Antarctica or the barren desert. Here, 
the charred and pitted black rocks on the ground 
stand out like a sore thumb. Not all meteorites come 
from asteroids either - a handful come from the 
Moon and Mars. Space agencies like NASA talk about 
launching sample-return missions, where a robot 
will visit a celestial body and bring back a chunk of 
the asteroid for examination on Earth. For example, 
NASA's OSIRIS-REx mission that launches next 
year will return a sample from an asteroid to Earth. 
But meteorites are natural sample return missions, 
bringing pieces of other celestial bodies to Earth. Of 
course they're not pristine, having been blasted into 
space, probably as the result of an impact, before 
being burned in the atmosphere and landing on 
the ground on Earth. But they can tell us a great 
deal about the geology and chemistry of planets 
and asteroids. There has been some speculation 
that some of the 132 meteorites from Mars contain 
evidence for life in the form of microbial fossils. This 
was a Claim made by NASA scientists in the Nineties 
after examining a meteorite from Mars called ALH 
84001, which was found in the Allan Hills region 
of Antarctica in 1984. Unfortunately, most scientists 
are now convinced that the microscopic features are 
not fossils at all, or if they are then they are fossils of 
microbes from Earth that contaminated the meteorite 
while it lay on the ice in Antarctica. 

Meteorites can also tell scientists plenty about 
the dawn of the Solar System and the birth of our 
blue planet Earth. This is because many meteorites 
represent debris leftover from the distant era 
when the planets were forming 4.5 billion years 
ago. They are broadly split into three types: stony 
meteorites, iron meteorites and a mixture of the two. 
Stony meteorites, especially a specific type called 
chondrites, make up the vast majority of meteorites 
and are the same type of rock that built planets like 
Earth. They are very primitive, having never really 
melted and so they preserve the chemical building 
blocks of the planet-forming disc that surrounded 
the young Sun. The other type of stony meteorite 
are called achondrites and these have melted, either 
in the impacts that blasted them off their original 
asteroid, or when they were buried deep inside 
a large asteroid where conditions were hot. So 
achondrites are special because they tell us about the 
chemical conditions within large asteroids and the 
protoplanets similar to those that eventually became 
the real planets. 

Iron meteorites also come from the cores of 
protoplanets, because that's where all the iron sank 


35 


Comets, asteroids and meteor showers 








20 years of fireballs 


Between 1994 and 2014, our planet has been bombarded by small space rocks, some of 


qi 


Fireballs during 
the day 


ee VEN ANELS 
part of Asteroid 
Day, an effort 
to make us 
more aware 

of dangerous 
asteroids 
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Fireballs during 
the night 
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to when they formed. Iron meteorites are incredibly 
hard and dense, but only a twentieth of all meteorites 
are of this variety. Meanwhile, there are two different 
types of stony-iron meteorite, called pallasites and 
mesosiderites. Pallasites are recognisable thanks to 
their large crystals of a green mineral called olivine. 
Mesosiderites are more of a jumble of rock and metal, 
which are made when two asteroids collide in space, 
the impact fusing different materials together. 

On rare occasions, a really big meteor will enter 
Earth's atmosphere. These are sometimes big enough 
to blow out large craters, or explode over towns and 
cities causing harm. A hundred years before the 
Chelyabinsk meteorite, a similar airburst flattened 80 
million trees in Tunguska, a remote region in Siberia. 

These events worry scientists who fear that one 
day an asteroid will hit us that could destroy a city 
or worse, send so much dust into the air that it will 
block the Sun and end life on Earth. It’s a big concern 
to Queen founder Dr Brian May, who recently lent his 
support to the Asteroid Day event, to raise awareness 
about this threat: “30 June was the anniversary of 
Tunguska in 1908. Not a huge object but it exploded 
before it hit the ground... which flattened the trees 








23900 239,005 
tons of TNT tons of TNT 


2,290 tons 
oy 


for hundreds of miles around. Now that is a city 
destroyer, the force of a thousand atom bombs.” 

To help forewarn us, NASA's Spaceguard 
programme has found over 90 per cent of asteroids 
larger than a kilometre in size that come close to 
Earth. These are the real killers, like the asteroid 
that wiped out the dinosaurs 65 million years ago. 
However, there are still millions of asteroids out 
there that have not been discovered that are smaller 
than 100 metres (328 feet) but could still do serious 
damage. This is why Asteroid Day was held on 30 
June this year and headlined by Brian May on the 
anniversary of the Tunguska explosion. It reminded 
us that we still have much to do to protect ourselves 
from asteroids. A new space telescope, called Sentinel, 
is to be launched by the B612 Foundation, which 
is led by former astronauts dedicated to saving the 
Earth from asteroids. Comets can also be a danger 
but, because there are fewer of them, they pose 
less of a risk. Instead, the Earth is more likely to fly 
through their tails so we can see spectacular meteor 
showers in the sky. From shooting stars to fireballs, 
meteors and meteorites, their origins are all the same, 
just on vastly different scales. @ 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 


2 EC ae hl 
Fianet Earth 





e The Sun provides our energy to live and is used for timekeeping. 

e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 

e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 

Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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® Signal comparison 
Ground stations 
around the world will 
take measurements of 
the speed and position 
of the same GPS 
satellites and compare 
them to the DSAC. 

















“Engineers at the Jet Propulsion 
Laboratory in California have taken 
dal o)gielel}e)(ome)maelom t-leom-ice)eeile 
clocks and miniaturised it” 







GPS satellites 

The DSAC mission will 
use the constellation 
of GPS satellites that 
already transmit 
timing data to test its 
performance in orbit. 


Titanium vacuum case ~ 
The DSAC is housed inside a 
vacuum case made of titanium; 
this gives a very strong and 
light enclosure to protect the 
delicate inner workings. 








_ Waveguide window 
This is the point where 
the microwave signal is 
beamed in to measure 
the oscillations of the 
mercury atoms. 





~ Multipole trap 
There are two sections 
to the DSAC, the 
multipole trap is where 
the mercury atoms are 
tested by the microwave 
signal, which goes to 
control the quartz clock. 


~ Quadrupole trap 
Atoms are trapped in the 
DSAC by electric fields 
generated by the rods 
visible inside the case; the 
quadrupole trap has only four 
ido ere) ale 0 (eike) g- Kom 8) ge) Vi (6(=Ir-) 
clear path from the windows. 
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Deep Space Atomic Clock 


Accurate time keeping has been critical to navigation 
for a long time; the British government put up one of 
the world’s first technological prizes in 1714 to create 
a clock that could keep accurate time at sea so that 
Sailors could precisely determine their longitude. If 
you could set your clock to the time at Greenwich, 
and then measure the difference between local 

time and GMT, then you could work out where you 
were around the world. But this only worked if your 
clock was very consistent, difficult when you're on a 
rocking ship and facing changes in temperature and 
humidity; the prize was finally won in 1773 by John 
Harrison with his H4 chronometer. Now NASA is set 
to launch a 2ist century version of H4, but this time 
to navigate deep space. 

The Deep Space Atomic Clock (DSAC) is an 
especially small, light and rugged clock that has 
been designed to fly on interplanetary missions, and 
may well come to be the basis of the next generation 
of GPS satellites here at Earth. Atomic clocks are the 
most accurate type of clock we have; they count the 
highly consistent transitions of atoms from one state 
to another to keep track of time and are the basis 
of international standard time keeping. However, 
they are usually rather large, delicate and not suited 
to being loaded on to deep-space missions. To get 
around this, ground-based clocks are used to help 
Navigate spacecraft by sending out precise time 
signals. These are received and retransmitted by the 
spacecraft, and the differences in the signal when it 
returns to Earth can tell us how far away the mission 
is and how fast it is travelling. The problems with 
this approach, especially as spacecraft get further 
away, is the time taken for that round trip, and the 
data signals it uses up. If a spacecraft could have its 
own clock, rugged and stable enough for flight, it 
could keep better track of its position autonomously, 
and fixes relative to Earth would only require a one- 
way transmission from Earth. This would leave more 
power and data for the main mission purposes; it’s 
what the technology NASA will be testing in Earth 
orbit next year could deliver. Just like Harrison's H4 
did for navigators on Earth. 

The H4 used new technology to accomplish 
time keeping in a difficult environment (it was a 
small watch with a balance wheel rather than a 
large clock with a pendulum) and the DSAC is the 
Same. Engineers at the Jet Propulsion Laboratory 
in California have taken the principle of the large 
atomic clocks and miniaturised it. The DSAC keeps 
mercury ions trapped in an electric field and shields 
them from the space environment with a magnetic 
field and a titanium vacuum case. These atoms 
transition at 40.5 GHz (40,500,000,000 times a 
second) as their electrons move around, and this 
extreme ‘clock tick’ can be detected by a microwave 
signal beamed through the trap; this oscillation is 
then used to adjust a quartz crystal oscillator. Quartz 
oscillators are a more general way of keeping time, 
they're used in any electronics that need an internal 
clock, including digital watches (it’s why they're 
often called quartz watches); they use a tiny piece 
of quartz crystal kept vibrating by an electric pulse. 
The combination of the two systems keeps the 
clock accurate to one second every 10 billion days 
(more than 27 million years) which enables precise 
Navigation even over interplanetary distances. © 
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Astronaut Scott Kelly is the first American to spend 
a year in space, but could his twin brother Mark's 
activities on Earth be just as important? 


Written by David Crookes 
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When Scott Kelly was chosen to spend 342 days in 
space, the prospect of being away from Earth for so 
long ensured his thoughts naturally turned to his 
two young daughters and his long-term girlfriend. 
But besides them, one other family member was also 
foremost in his mind: his twin brother, Mark. 

For if Scott was to embark on NASA's One-Year 
Mission and be subjected to numerous tests designed 
to study how the human body adjusts to isolation, 
radiation, weightlessness and the stress of long- 
duration spaceflight, then he felt his brother could 
play a crucial role, too. “Scott made a sort of tongue- 
in-cheek suggestion,” recalls Dr John Charles, head of 
NASA's Human Research Program. But it was an idea 
that would open up many fresh possibilities. 

Like Scott, Mark has had a long career as an 
astronaut and both have piloted Space Shuttles. 


One year in space 


Before the current mission, Scott had notched up 
more than 180 days in space and Mark had been 
away from Earth for 54. In all that time, though, no 
one at NASA had ever decided to capitalise on the 
fact that they were twins. 

Scott proposed that many of the tests scheduled 
to be carried out on him should also be tried on 
Mark, but the idea wasn't initially seized upon. “I was 
among a number of people briefing Scott before his 
press conference after he had been assigned for his 
one-year mission, when he turned to us and said, 
‘You know, the press is probably going to ask about 
whether Mark and I are doing anything related to 
our being twins. What should I tell them?’,” recalls 
Dr Charles. “And I replied that we hadn't done 
anything in his whole life on this topic and I didn't 
see us starting now. I told him to say that nothing 
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One year in space 


had been planned.” 

But the idea stuck and Dr Charles told his boss, 
the then deputy chief scientist Dr Craig Kundrot, 
What Scott had said. “Dr Kundrot told me that was 
an opportunity that we probably ought to look at,” 
says Dr Charles. “And that is when we said, ‘let's 
do something different. Let's investigate what can 
happen with the presence of two genetically identical 
twins and see if there is some value to that.” 

The Twins Study is the first time a space agency 
has investigated the effects of space flight by testing 
two individuals whose genetic makeup is so alike. 
“We had previously been pursuing our traditional 
approach, which is to acquire a large population of 
astronauts in the hope the biological variability can 
be averaged out,” says Dr Charles. 

Yet it has become a vital component of the One- 
Year Mission, which is a stepping stone for future 
ventures to Mars and beyond. With Scott having 
departed from Baikonur in Kazakhstan en route to 
the International Space Station on 27 March alongside 
cosmonaut Mikhail Kornienko, the studies are fully 
underway. A total of ten investigations out of 40 
proposals were chosen and each will enable NASA 
to better understand how to equip and prepare its 
astronauts, while reducing the risk to them on long- 
duration missions beyond the Earth's orbit. 

Measurements began being taken from both Scott 
and Mark around six months before the launch and 
they will continue until at least six months after 
Scott lands. While Scott is in space, Mark will lead a 
normal’ life on Earth. “He will not sleep on Scott's 
schedule, he won't exercise like Scott, and he won't 
eat space food for a year,” explains Dr Kundrot. “So 
if we see big differences between Scott and Mark, as 
compared to the normal variation in Mark, it will be 
a strong, tantalising clue that space flight has caused 
the difference.” 

Mark will visit astronomers in Houston once or 
twice and NASA employees will also be sent to visit 
him for blood samples a couple of times, too. His 


“He won't sleep on 
Scott's schedule, 
he won't exercise 
like Scott, and he 
wont eat space 
food for a year” 


A day in the life 
of Scott Kelly 


How will the space twin be 
spending his time on the ISS? 
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Mark Kelly 


Retired astronaut 





* 
* 









Former occupation: Naval aviator 
NASA selection: 1 May 1996 
Time in space: 
54 days, 2 hours, 
4 minutes 


Born in Orange, New Jersey, Mark 
graduated from the US Merchant 
Marine Academy with the highest 
honours in 1986. He joined the US 
Navy in 1987 and flew 39 combat 
missions in Operation Desert 
Storm. Selected by NASA in 1996, 
his first trip into space was as the 
pilot of STS-108 in 2001 and he 
commanded a mission to the ISS 
in 2008. Following a final mission 
in 2011, Mark retired from NASA 
to help his wife, Gabrielle Giffords, 
the congresswoman who was shot 
and seriously injured during an 
assassination attempt in Arizona. 









Mark Kelly commic 
Space Shuttle Endeavour on? 
final trip to the ISS 





.a Wall or ceiling is the same 
_ assleeping gn the floor 
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Waking up 


The International Space Station works 
to the GMT timezone. Scott wakes 
from his small, private and well- 
ventilated soundproofed cabin and he 
embarks on his morning routine using 
his personal hygiene kit. He inspects 
the station, has breakfast and starts to 
plan his day with mission control. 
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gestures as his space suit 
is tested at the Baikonur 
| cosmodrome, prior to blasting 
ff to the International Space 


Exercise time | 


It's important Scott exercises to 
help prevent bone and muscle 
loss. He uses a treadmill referred to 


as the TVIS (Treadmill with Vibration 
Isolation Stabilization) for 30 minutes. It is 

designed so microgravity science experiments 
in adjacent labs are not disrupted. This will be 


the first of two exercise sessions. 
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Scott Kelly 


Astronaut 


Former occupation: Naval aviator 
NASA selection: 1 May 1996 
Time in space: 

Currently aboard the ISS 


Born in Orange, New Jersey, father- 
of-two Scott graduated from the State 
University of New York Maritime 
College in 1987 and joined the US 
Navy as a pilot in July 1989. Selected 
by NASA in 1996, he was the first 

of the brothers into space, piloting 
STS-103 Discovery on an eight-day 
mission in 1999 and completing two 
further flights: STS-118 in 2007 and 
Soyuz TMA-O1M in 2010. He spent 
159 days on board the ISS, serving as 
a flight engineer and a commander 
for Expeditions 25 and 26. He was 
selected for the One-Year Mission in 
November 2012 and he is due back on 
Earth in spring 2016. 





Conducting research 


Research is important and it is the main 
reason Scott is on board the ISS. One 
task is to test and track his fine motor 
Skills. It is a cognitive experiment which 
looks at coordinating small muscle 
movements with the eyes and it entails 
performing pinch, rotation and drag 
movements on a touchscreen. 
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schedule will evolve because of his ‘free range’ status 
although both he and his brother may be called 
upon on an ad hoc basis for a considerable time after 
the mission ends if the scientists feel it would be 
beneficial to take further measurements. 

“We will make all these measurements at least 
twice post-flight, so we will be able to compare 
in-flight to post-flight,” says Dr Kundrot. “We are really 
able to make two types of comparisons: Scott versus 
Mark, and Scott in-flight versus Scott pre and post- 
flight. Mark participates in the testing during these 
Same pre, in and post-flight phases.” 

Although the twins’ DNA is not entirely identical - 
epigenetic (environmental) changes will have taken 
place due to them leading different lives - it helps 
that the twins have had an identical upbringing and 
have been largely exposed to the same environments 
as children. 

‘Tt is a great benefit that Scott and Mark grew up 
together and have had such similar careers but that 
is not something we designed,” Dr Kundrot says. And 
Dr Charles agrees: “They surely went off on different 
experiences at some time during their lives and so 
they have had different exposures to environment 
factors. But this is a once-in-a-lifetime opportunity to 
make the comparisons for two individuals that are as 
closely linked as it is possible to imagine." 

Even so, NASA will be taking into account that 
Mark has been into space himself. It may not have 
been as long as Scott - whose 12 consecutive months 
in space will be a record for an American (the 
previous record having been held by Michael Lopez- 
Alegria who embarked on a single 215-day mission) 

- but it could have an effect on the results. 

And yet this is true of any study. When scientists 
conduct biological research, one of the biggest issues 
is biological variability, as Dr Charles mentioned 
earlier. Just because we all look alike and function 
in more or less the same way does not mean that 
we all respond identically to the same stresses. 

Since there is a certain amount of flexibility in our 
biological responses to any given environment, a 
long-term problem is having to acquire enough 
repetitions on a large enough sample of different 
subjects and crew members, to average out the 
random biological variability. 

“A major source of the variability is genetic, so 
when nature or circumstances hands you two 
individuals whose genes are as close as they can 
possibly be to each other, and one is going to be 
in space and one is not, we leap at the chance to 
understand more about the effect of the space 
flight environment on one of the individuals, 
knowing the other is a natural-made control subject,” 
says Dr Charles. 


Media chats 


Naturally, there is a lot of interest in 
Scott's adventure - both the One-Year 
Mission and the Twins Study - from 
around the world. So some media 
commitments are completed from 
time to time. Scott also tweets many 
images and sends messages to his 
220,000-strong following on Twitter. 
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One year in space 


The twin space experiment 


What experiments will be performed on the Kelly brothers? 


The Experiment “> Earth twin 


Immune assessment 

Scott and Mark will both get flu 
shots this autumn. Some changes 
will occur in the immune system 
during space flight but this will 
be the first time it has been 
challenged with a vaccine and 
measured with -omics. 


Effects on brain and vision 
This experiment will study the effects 
of a long stay in space on astronaut 
brain fluids and vision. Gravity 

forces fluid to pool towards our legs 
but in space fluid flows upwards. 

Are the proteins which regulate 
W7-}-XeXe(e)al=14 fl etd(e)alr-)aleme||r-lu(e)a-lin-)n-6! 
by space flight? 


Chromosome changes 

By looking at telomeres - the ‘caps’ 
on the ends of chromosomes that 
change and become degraded 

as we age - researchers will 

learn about the ageing of the 
chromosome and the continued 
functionality of the individual. 
Blood samples will be tested. 


Mark's body should react as expected: 
the flu vaccine will stimulate his immune 
system to make antibodies that will 
attack the flu virus. All being well, his 
immune system should build up fully 
between ten and 14 days after the flu 
shot has been received and then decline 
over time. 


Blood and urine samples have been 
taken from Mark and Scott and they 
will continue to be. Researchers 

are looking for genetic, proteomic, 
lna{=) =] 10)(0)pn}(emr-|a(e Mm nave)(=\el0|(-] mu nat] a¢=) ace 
Mark's body should perform 

fate) sant-li\vao\e) ar-\el arc m@e)nl ice) mice) mant= 
experiment, particularly as the mission 
gets a few months in. 


determined by this experiment. 
Mind-bendingly, though, Mark will age 
faster in physical time by around 28 
microseconds each day. 


Space twin . > Oh 


The billions of cells that make 

up Scott's immune system will 

have altered in shape and function. This is a 
natural occurrence in space but it will mean 
that the T-cell activation pathways are 
suppressed. Scientists do not know if the 
vaccine will boost the immune system in 
the usual way. 


Fluid will shift away from 

Scott's legs and up towards his 
Ia{=y-eWr-Jalem dalisMer-]aker-lU MUU S16T-) 
impairment and intracranial pressure 
symptoms. He will be tested for 
intracranial and intraocular pressure 
and ultrasound measures of fluid 
shifts will be taken. It is likely the 
markers will have changed. 


Researchers predict that telomere 
shortening will accelerate during 
space flight due to physical and 
emotional stresses as well as radiation. 
Scott could return with a reduced 
immune function or be at greater risk 
of cardiovascular disease or cancer. 
The test will look at the extent of the 


Pre Flight Post Flight 
OD te) 


m x 


The optical disc (of 
the eye), pre-flight. All 
normal for both Scott 
and Mark Kelly 


x =} 
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Pressure shifting to the 
head in microgravity 
can cause visual 
impairment, post-flight 


Lunchtime 

1305-1405h 

It's crucial that the astronauts keep 
their energy levels up and so lunch 
is taken for an hour. Scott will eat a 
nutritious meal that has a balanced 
supply of vitamins and minerals. 
There is plenty of variety including 
meats and desserts. There is even 
an espresso machine up there. 


Undergoing tests 

1100-1305h 

Work is continuous and Scott is 

busy all day. As part of the One-Year 

Mission, he must undergo ocular 

ultrasounds which check his eye 

structure, blood flow and optic-nerve 

thickness. His heart, arteries, neck, brain and 
muscles are also monitored, with genetic samples 
given. He draws his own blood. 


Scott grabs a 
quick coffee 
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One year in space 


The International Space Station Key to the mission, which will give NASA the most 
will be Scott's home, office and comprehensive molecular profile of a human that has 
laboratory for the year ever been generated, will be the space agency's first 

integrated study of a rapidly growing field of research 
called -omics, a word which effectively means 
‘everything’ and encompasses a wide range of 2Ist 
century techniques. 

The research will cover a broad area of biological 
and molecular studies and NASA says it means 
that the mission will cover the entire complement 
of biomolecules, such as proteins, metabolites and 
genes. “We could have done a comparative study 
any time Mark or Scott flew,” says Dr Kundrot, “but 
the big difference is that in November 2012, the 
technology for -omics research had become 
so powerful that it made good scientific sense to 
study a single individual over time. Studying twins is 
even better." 

For a couple of years before Scott's time in 
space, the NASA Human Research Program and 
the National Space Biomedical Research Institute 
(NSBRI) solicited for research in several areas ranging 
from genomics, epigenomics, transcriptomics 
and proteomics to metabolomics, metagenomics, 
physiology, and psychosocial/neurobehavioral. The 
studies had to be analysed from a systems biology 
perspective so the first task was to identify the 
proposals that passed scientific peer review in each 
of these areas and then look at the feasibility of the 
proposed ideas. 

There was a slight problem, though. Since the 
Twins Study was being planned relatively late for 
a flight investigation, there was no time to develop 
new equipment and most of the in-flight resources 
were already spoken for. “Scott can only give so 
much blood during his mission and most of that 
was already spoken for because planning for his 
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flight and performing .@ 
experiments on the ISS (right) 







More research Dinner time 
Work continues. Scott says pacing is " 
important and that he needs the same te 
ability, energy, focus and attention to . 
detail at the end of the mission as at 
the start. Some afternoon tasks have 
included emergency medical training 
which, Scott tweeted, “keeps me 35 
years proficient”. 


The food is kept in Node 

1 of the Space Station in 
metal food containers and 4} 
in bags, each categorised for ¥ 
side dishes, vegetables andso % 
on. The food is irradiated so they “ 
can remain at room temperature 
without becoming prone to bacteria. 
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“We do not expect 
to come up with 
breakthroughs 
based on one 
astronaut in 
flight and one 
astronaut on the 
eround" Dr John Charles 


mission was already well under way,” explains Dr 
Kundrot (Scott will draw blood in the usual way: via 
a venepuncture which involves inserting a needle 
into a vein). But even so, the portfolio of proposals 
is believed to be strong and it is the first time that 

a study has looked at molecular, physiological and 
cognitive aspects at the same time. 

One of the areas that NASA is keen to look at 
closely is the study of telomeres. These are the ends 
of our DNA and they shorten as we age and are 
subjected to stress. Scientists want to see if Scott's 
telomeres shorten more than Mark's. “They get 
degraded as we age and that tells us something about 
the ageing of the chromosome and the continued 
functionality of the individual,” he adds. 

Scott's body clock will slow down, raising the 
question of the twin paradox, which posits that 
Scott will come back younger than Mark. But Dr 
Charles says the difference will be measured in 
microseconds. “The twin paradox is related to 
travelling closer to the speed of light,” he says. “Scott 
will be travelling seven kilometres (4.3 miles) per 
second faster than Mark does so even over the course 
of a year the difference is tiny. The much more 
significant difference is the fact that I think Mark is 
Six minutes older in birth order than Scott.” 

Yet for NASA, this is just the start. In learning how 
to use genetics and the -omics suite of measurements 
to understand the effects of space flight, it will be 
able to validate its previous approaches and see 
where it has been going wrong. In the future, space 
research will include more genetics testing than in 
the past and the current Twins Study will serve to 
point the way for that work. “We do not expect to 
come up with breakthroughs based on one astronaut 
in flight and one astronaut on the ground,” says Dr 
Charles. “We're much the traditionalists to think that 
but this study is important and we'll be doing -omics 
studies for a long time to come.” @ 


Concluding the day's studies 
1900-2030h 

Scott works out twice a day, six days a 
week so he will have used resistive weights 
to help mitigate the microgravity effects 
on bone and muscle mass. But research 
continues, looking at the radiation effects 
on the DNA and protein levels on his 

body, for instance, which investigators can 
compare to his brother, Mark. 
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Scott Kelly's snaps 
on board the ISS 


Scott watches the Moon set 
below the Earth's horizon 


There is some time to relax 
and enjoy the amazing view 





And relax 
2030-2130h 

Scott's work schedule is so 
busy that he doesn't actually 
find much time to relax but he 
tries to unwind at the end of the 
day. The astronauts have access to films 
and books and they are also able to contact 
their family members so the downtime tends 
to be taken up with these activities. 
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One year in space 


Twin space 
in numbers 





miles travelled by Scott during the mission 
Calrying 
out the ten 


investigations 
yesterday and was surprised 
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Time for bed 


A hard day on the ISS means Scott | 
will be ready for a good ‘night's’ 
sleep. Around eight hours is percentage of ISS crew 
recommended for astronauts. Scott members reporting vision 

will insert himself into the sleeping 4 The ISS, when 

bag tied to the wall and dozily drift . eS RE US changes after several months 


its crew sl 
away. He wears a sleep study watch M ts crew sleeps 
that measures acceleration and light. 
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@ Alamy; Getty Images; NASA 
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It makes iron — 


—— 
The Sun is a giant fusion reactor that smashes 


hydrogen molecules together to create heat and light 4 


plus other elements: carbon, oxygen and heavier 
elements further down the periodic table until a 


great ball of iron is being fused at its core, which 


can't be further fused. Heavier elements like gold 
and silver are made in supernovas. 


The Sun's light can 
move asteroids 


It's called the Yarkovsky effect and it’s very subtle: 
while the action of photons of light from the Sun 
hitting objects is mitigated on Earth by wind and 
more powerful atmospheric conditions, in the 
relative vacuum of space and over time, it can even 
push massive asteroids into a different orbit. 


Sunlight on Mars 
is very weak 


Despite lying a relatively short hop away from 

Earth at 225mn km (140mn mi), just beyond the 
outer edge of the ‘Goldilocks zone’, Mars only gets 
about 40 per cent of the sunlight that we receive. 
The planets in the outer Solar System receive 
exponentially less sunlight, to the point that the Sun 
appears like a bright star to the dwarf planet Pluto. 
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igce datemabiqbivemeys 
Space travel 


Our Sun has an estimated output of 400 trillion 
trillion (that’s 400 followed by 24 zeros) watts, so 
sunlight is an obvious source of unlimited energy 
for space missions in the inner Solar System. Beyond 
that, where sunlight is much less powerful, we can 
take advantage of the Yarkovsky effect to push 
spacecraft with huge solar sails deeper into space. 


The setting Sun from the 
ISS: space station astronauts 
can see 16 sunsets for every 
one of ours on Earth 


Normal sunlight is 
deadly in space 


Within the comfort of Earth's atmospheric bubble, 
most of us will get away with a sore case of sunburn 
when exposed to strong sunlight for too long. No 
such luck in space though: an unprotected human 
would be practically flayed alive and blinded by 
powerful ultraviolet rays in the unfiltered full force 
of the Sun’s rays. 
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Asteroid capture 


The unique challenges of exploring space has led to some 
extraordinary, and often completely bonkers projects 


Written by Nigel Watson - « 


Atom bomb ship ¢ 
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10 unbelievable space missions 


Asteroid 
capture 


In 2014, NASA proposed an Asteroid 
Redirect Mission (ARM) to capture 
an asteroid and put it into lunar orbit. 
The mission is part of NASA's strategy 
for the future exploration of Mars, 
and would also test technologies and 
techniques that could be used to 
protect the Earth from any potentially 
hazardous asteroids. 

After sifting through 400 ideas, 
and considering the best of them at 
two public workshops, NASA selected 
two prime concepts. The first was 
for an ARM spacecraft to capture a 
boulder-sized asteroid in free space, 
using a huge inflatable bag. The 
second proposal, would be to send 
an ARM spacecraft to a large asteroid 
where it would collect a suitable 
ten-metre (33-foot) diameter sized 
rock from its surface. This would test 
the suitability of different types of 


Project Harp 


The High Altitude Research Project 
(HARP) used a huge gun to test 
re-entry vehicles and intercontinental 
ballistic missiles (ICBM). Ballistics 
engineer Gerald Bull promoted the 
idea that this would be a far more 
efficient and cost-effective method 

of testing, as opposed to using 
expensive rockets. 

Funded by the US Department of 
Defense and Canada’s Department of 
National Defence, it set up operations 
in 1961 using a specially constructed 
base on the coast of Barbados. A US 
Navy 410-millimetre (16-inch), 50 
calibre gun, with a barrel weighing 40 
tons, was used to fire the projectiles 
over the Atlantic Ocean. 

The HARP projectiles were 
designated Martlet, with numbers 
and letters to distinguish different 
versions. The first Martlet 1s were 
fired in January and February 1963. 
They were 1,800 millimetres (70 
inches) long, 170-millimetre (6.6-inch) 
diameter test projectiles weighing 
200 kilograms (450 pounds). In April, 
HARP went on to fire almost 200 
Martlet 2 type projectiles, that were 
produced in different weight and 
size combinations. 
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robotic arms and legs for handling and 
gripping the boulder. 

In the case of the bagged recovery 
system, it could be launched in 2019. 
Having collected an asteroid, its very 
gentle engine would steadily move it, 
until it slingshots itself into a stable 
lunar orbit. This would take about 
five years, and when a two-person 
Orion mission is sent to the Moon the 
astronauts would either cut open the 
bag or enter it through Velcro patches 
to enable them to collect samples. 

If such missions are successful it 
could mean that more asteroids could 
be sent to the Moon, where they can 
be mined for materials that could be 
used for future Mars missions or other 
deep-space projects. This could be 
more cost-effective and efficient than 
having to blast resources and materials 
from Earth to the Moon. 
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In 1966, HARP moved its 
operations to Arizona, where it used 
a similar 410-millimetre (16-inch) gun 
to launch its projectiles. The most 
impressive achievement was to fire a 
180-kilogram (396-pound) Martlet 2 
projectile to a record-breaking altitude 
of 180 kilometres (110 miles) into 
space, at a speed of 3,600 metres 
(12,000 feet) per second. 

There were ambitions to launch 
a Satellite into orbit, but politics and 
lack of funding brought HARP to an 
end in 1967. 








An ARM spacecraft powered by a solar electric propulsion system manoeuvres very 
close to a near-Earth asteroid with a diameter of around 3m to 8m (9.8ft to 26ft) 





A thin yellow plastic bag, which could be as tall as a three-storey building, is inflated to 
cover and capture the asteroid 





When the end of the bag is closed the spacecraft, using its puny engine's one third ofa 
pound thrust, takes the asteroid into a new orbit ready for collection 
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The Bernal sphere is a design for an 
outer-space manufacturing colony, 
put forward in the late-Seventies in a 
series of Stanford University studies. 
It was optimistically thought that it 
could be built in the early-Nineties, 
would feature solar power stations to 
feed power by microwave to Earth 
and allow for wonderful new products 
to be manufactured in zero gravity. 

At its core is a Bernal sphere 
based on a concept proposed by 
John Desmond Bernal in 1929. This 
consisted of an air-filled 16-kilometre 
(9.9-mile) diameter hollow sphere, 
housing up to 30,000 people. 

Dr Gerard K O'Neill adopted 
Bernal’s ideas to promote an Island 
One colony. Its central Bernal sphere 
would house 10,000 workers and 
consist of an outer shell built from 

















Bernal sphere @ 
At the core of the craft 
is the rotating Bernal 
sphere, home for 10,000 
inhabitants. To extend the 
colony further habitation 
spheres could be added. 
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processed lunar soil to block out solar 
flares, cosmic radiation and meteorite 
impacts. An inner sphere would 
rotate at 1.9 revolutions per minute to 
create a centrifugal force, providing 
artificial gravity. 

Sunshine would be directed by 
external mirror arrays to the colony, 
allowing them to designate day and 
night at their demand. Crops and 
food products would be cultivated in 
separate modules that are exposed to 
the sunlight. 

Moving away from the equator, 
the impact of the artificial gravity 
would be reduced and at either axis 
there would be docking stations and 
zero-gravity processing factories. 
Other workers would use ferry ships 
to work at solar power stations that 
would be orbiting nearby. 
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3Earth in space 





® Sunlight portal 
Light from mirrors would be directed 
through the sunlight portal, enabling 
night and day cycles to be artificially 
created and helping to adjust the 
sphere’s climate. 


® Mirrors 
Rings of mirrors direct light from the 
Sun into the sunlight portal. They can 
be adjusted to provide different levels 
of light inside the sphere. 


® Agricultural modules 
| The stacked rings of 
agricultural modules are 
used for growing food, 
| with livestock in the 
| modules nearer the sphere 
| to benefit from its artificial 
gravitational force. 


a 
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| | Communications and 
| manufacturing area 

| At either axis of the colony 
visiting spacecraft can 

| ferry colonists to nearby 

| V0) @} f=] (0) atom oy-( el @- Jule! 
forth to Earth, or other 

| destinations. Zero-gravity 
| manufacturing plants are 
also positioned here. 
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4 Silver satellite sphere 


The Echo I satellite looks like a 
massive silver balloon. Its purpose was 
to act aS a passive communications 
relay, that could reflect radio signals 
back to the ground. 

For testing, NASA suspended the 
satellite from a hangar ceiling and 
used a blower to inflate it to its full 
spherical 30.5-metre (lOO-foot) size. 
On Earth it required 18,144 kilograms 
(40,000 pounds) of air, but in space 
only a few pounds of gas was required 
to inflate it and maintain its shape. 

It weighed 68 kilograms (150 
pounds) and had a non-rigid skin 
that made it suitable for use at high 
altitudes. To cope with gas permeating 
through the skin or meteorite strikes, 
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the envelope contained evaporating 
liquid to seal any punctures. 

The first launch of Echo I on 28 
October 1959 ended in spectacular 
fashion when the sphere exploded 
as it was in the process of being 
inflated. After a string of failures 
Echo I was successfully launched 
into orbit on 12 August 1960. Besides 
radio communications, the satellite 
could be accurately tracked to spot 
any variations in its orbit that would 


indicate variations in air density in the 


higher atmosphere. 

Further inflatable satellites were 
tested, but they were abandoned in 
favour of active rather than passive 
telecommunications satellites. 


» 


5 Project West Ford 


The reliance on undersea cables and 
the vagaries of the ionosphere for radio 
transmissions in the late-Fifties made 
the US vulnerable to international 
communication breakdowns. This was 
a dangerous issue during the Cold War 
with the USSR. So military planners 
needed a scheme to produce reliable, 
long-range, survivable, worldwide 
communications for US military forces. 

At a time when there were no 
communications satellites available, 
the answer to this problem involved 
sending millions of tiny, 17.8-millimetre 
(0.7-inch) long copper dipoles 
(antennae) into medium Earth orbit to 
create an artificial ionosphere. 
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Lincoln Laboratory's Project West 
Ford involved a wide range of never- 
used technologies that required the 
use of 18.3-metre (60-foot) diameter 
parabolic dishes to receive signals 
that needed to be unscrambled due to 
time delay, spread in frequency, and 
the varying positions and velocities of 
the individual dipoles in the belt. That 
is not surprising as it was intended 
to put 480 million dipoles into a 
3,540.5-kilometre (2,200-mile) high 
Earth orbit. 

After one failed mission in October 
1951, asecond mission launched on 
board a US Air Force satellite in May 
1963, which succeeded in deploying 






















350 million dipoles. They formed a 
40.2-kilometre (25-mile) deep by eight- 
kilometre (five-mile) wide orbital belt 
that had a concentration of 50 dipoles 
per cubic mile. 

To allay the fears of astronomers 
who thought the project would 
interfere with their observations and 
to meet the objections of the Soviet 





Union, the dipoles were planned to 
fall out of orbit after five years and 
land in the Arctic regions. But even 
now, some still remain in orbit. Plans 
for two permanent belts of dipoles 
were abandoned during the mid- 
Sixties when communication satellites 
became a better option for the 
demands of the military. 
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® Target Area 
There is some doubt that the beam 
could be concentrated enough to be 
used as a weapon. It was estimated 
that the beam would have been 
64.4km (40mi) in diameter and 
would not cause any damage. 
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The black hole engine 


Producing a propulsion system 

that can send a spacecraft through 
interstellar space has challenged the 
greatest minds. One idea is to produce 
a mini black hole that can release 
enough energy to accelerate a craft 
near the speed of light, making it 
feasible to reach nearby star systems 
within a human lifetime. 

The concept is based on work 
pioneered by John Wheeler in 1955, 
who suggested that a black hole could 
be created if enough pure energy is 


® Mirror 
| This would have been a 1.6km 
(Imi) diameter mirror, estimated 
to take 15 years to build using 
prefabricated sections. 


® Beam 
For peaceful uses, sunlight 
reflected by the mirror could 
extend daylight hours in cities. 
However, the Nazis proposed to 
use it aS a Weapon. 


focused at a specific region in space. 
It would produce a microscopic non- 
rotating black hole that he described 
as a Schwarzschild Kugelblitz (SK). 

Stephen Hawking postulated that 
the smaller the SK, the more power it 
would unleash, its mass would be less 
and it would evaporate quicker. This 
aspect of ‘Hawking Radiation’ made 
it possible to conceive of it being 
harnessed by a spaceship. 

Louise Crane and Shawn 
Westmoreland of Kansas State 


University, proposed using a giant 
gamma-ray laser that after a few 
years would ideally create a black 
hole a thousandth the size of a proton 
with a mass of a million metric tons. 
Collapsing in on itself it would give 
off Hawking Radiation, which could 


. be refleeted by a parabolic electron- 


gas mirror to propel a spacecraft 
forwards. The mechanics, materials, 
resources and time span of such a 
project are enormous, but are in the 
realms of possibility. 


Nazi Sun gun 


In the Twenties, the German rocket 
pioneer Hermann Oberth was the 
first person to publish serious plans 
for building Earth-orbiting, manned 
Space stations. He suggested that 
they could be rotated to produce 
artificial gravity and could be used for 
communications, weather forecasts, 
Earth observations and as a stepping 
stone for space missions beyond our 
planet. Like something out of a James 
Bond film, in 1929, he put forward the 
idea of fabricating 100-metre (328-foot) 
diameter concave mirrors in Earth 
orbit, that could reflect the light of the 
Sun down to Earth. 

Oberth's intention was to make 
it possible for sunshine to be made 
available anywhere on the planet. 


Not surprisingly, during World War 
II the Nazis put forward plans to 
turn Oberth's concept into a weapon. 
Instead of illuminating cities, the 
reflected light would be used to 
incinerate them like bugs under a 
magnifying glass. 

In captured war plans, the Allies 
found that the ‘Sun gun’ would have 
been part of a manned space station 
sent into a geostationary orbit. Pre- 
fabricated sections would be sent by 
rocket to build the mirror and it would 
contain 9.15-metre (30-foot) holes that 
supply ships dock into. Small rocket 
motors would be used to control the 
direction of the solar beam from the 
mirror. Fortunately, it never got beyond 
the drawing board. 
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In the late-Eighties, NASA put 
together a concept for an unmanned, 
interstellar spacecraft that would use 
existing and near-future technologies, 
and could be constructed in Earth 
orbit. It was called ‘Project Longshot’. 
The result would be a craft 
weighing 396,000 kilograms (873,030 
joXoLubaXe ls) Mmaat-lmpiavellure (comer m0l08) 
kilograms (582,020 pounds) of 
helium-3/deuterium fuel pellets to 








power a nuclear fission reactor. The 
pellets would be loaded into the 
fusion chamber where high-power 
laser beams would fire at it to produce 
a fusion explosion, which would be 
directed out of a ‘magnetic’ nozzle to 
power the craft. At 30-year intervals 
empty tanks would be jettisoned to 
lighten the vehicle. At its rear would 
be the fission power reactor and 
fusion drive system. 


Spinning tetherball 


Sending satellites into orbit is 
expensive, prone to launch failures and 
other technical hitches. A seemingly 
better solution would be a fixed space 
elevator that would easily and cost- 
effectively send and return people and 
materials to and from Earth. 

The main problem with the concept 
is its construction and characteristics. 
The basic solution is to have a platform 
located on the equator that is linked by 
a 100,000-kilometre (62,000-mile) long 
tether to a satellite in geostationary 
orbit and a counterweight. Transport 
cars would travel up and down the 
tether, making human space travel 
more frequent and reliable. 

In previous proposals the transport 
cars would be propelled along the 


56 


tether using rocket engines or even 
laser light energy, but now NASA 
physicist Leonardo Golubovic¢ and 

his student Steven Knudsen, based at 
West Virginia University, have literally 
brought a new twist to the idea. 

It came to Golubovic¢ as he was 
stirring a cup of coffee to such an 
extent that the centrifugal force sent 
coffee splashing out of the cup. He 
realised that if you rotate the tether on 
its axis fast enough, it would produce 
enough centrifugal force to send a 
transport vehicle up the elevator, much 
like the coffee rising out of the cup. 

Their Rotating Space Elevator 
(RSE) idea could be an important step 
towards making a space elevator a 
working reality in the future. 


the spacecraft would have a great 


deal of energy. For this reason, the 


main payload of instruments and 


equipment inside the probe head are 


protected by a particle shield. 


NASA estimated Project Longshot 


would take 100 years to reach, 


decelerate and orbit the star Alpha 


Centauri B, 4.37 light years away. 


Counterweight 

The tether would run 
down from the satellite 
and out towards a 
counterweight (such as 
a captured asteroid) that 
would help keep tension 
on the structure. 


Transporter 

This would need a 
powerful engine to boost 
it up the tether, or it 
might be sent up using 
centrifugal force. 


o)snloxsaiie 


Reaching 4.5 per cent of the speed 
of light, any particles in the path of 


Tether 

The best option would be to 
use carbon nanotubes either as 
a cable or in a paper-thin ribbon 
structure, preferably tapered 
so that it gets wider near 
geostationary orbit. 


Satellite 

This would be located at the 
elevator's centre of mass, 
and in a geostationary orbit 
SO it stays in position over 
the same area of Earth. 


Platform 

The tether would be 

anchored to a land or 

sea-based platform at 

the equator, and would 

need to withstand local 
| weather conditions. 
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Today, it is hard to imagine not 
having internet access that keeps 

Lule an eco) alcje-velmee)nie-(emnnisian meals 
world 24 hours a day. And as long 
ago as 1997, Vint Cerf, a pioneer of 
internet protocols, realised that an 
interplanetary internet was essential 
for future space exploration. 

He identified that internet traffic 
between Mars and the Earth would 
take between four and eight minutes, 
plus this traffic can easily be 
disrupted by random factors like solar 
storms and predictable factors like the 
rotation of the two planets. 

To cope with disruptions and 
disconnections, Cerf has developed 
Disruption Tolerant Networking 
(DTN). This uses a Bundle 
Protocol (BP) that stores packets of 
communications data when there is 
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a disruption, and forwards it when 
contact is re-established. 

The principles of DTN have been 
tested between Earth and the ISS, 
including an experiment to remotely 
control a Lego robot in Germany from 
the ISS. This showed the feasibility of 
the DTN system and its possibilities 
for use beyond our planet. 

SpaceX’s Elon Musk proposes 
setting up a Mars internet network 
to service future Mars colonies.To | 
fund this, he plans to launch a fleet of 
satellites in Earth orbit at an altitude 
of just over 1,200 kilometres (750 
miles). These would provide internet 
connections 40 per cent faster than 
fibre optic networks and make the 
internet easily accessible throughout 
the world. Then the next step would 
be doing the same for Mars. 
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Interview Prof Marek Banaszkiewicz 


Furope’s new sith 


Prof. Marek 


Banaszkiewicz 
Prof Marek Banaszkiewicz 
is the director of the Polish 
Space Agency after being 

appointed by Poland's 


Prime Minister Ewa Kopacz. 
Previously, Banaszkiewicz 


All About Space caught up with the president of the new eSpace eseachCen 
Polish Space Agency (POLSA) in Gdansk, Poland, to find out Seer 
What the agency's plans are for its future in space exploration — gence morespectcaly ox 


very own Solar System. 





Interviewed by Gemma Lavender 
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How big is the Polish Space Agency? 

There are two branches in the space agency, one is 
dedicated to general research, and the other is to defence. 
We're just over half a year old, so it is a very new space 
agency. It won't be very big, maybe 50 people in total - 
right now we just have two, including myself! But we are 
in the middle of recruiting people to start administrative 
work and eventually we will have a team of experienced 
engineers as well as young scientists who can learn from 
them on the job. 

As the president I run two departments, one is 
dedicated to strategy and technological integration and 
the other to the national space programme. The national 
Space programme is a strange beast. The Polish Space 
Agency will formulate the programme and find approval 
for it from the various government ministries that have 
an interest in it, but then we need money, so we need to 
look for sources of money and convince, for instance, the 
Ministry of Defence to give us some amount of money, 
and to convince the research agencies to have some, let's 
say, pulse for space. Financing the national programme is 
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not straightforward. This will be one of my tasks over the 
next couple of years. 


What kind of challenges does the Polish Space 
Agency face in establishing itself? 

One challenge is to satisfy all the institutional users, 
which means mostly government ministries that have 
quite different objectives. For example, the Ministry of 
Research wants us to go for the big scientific missions 
that produce results that can be published in the best 
scientific journals with heavy impact in citation indices 
and so on. The Ministry of Economy wants the space 
industry to be competitive. The Ministry of Defence 
wants the national programme to serve some aspects 
of security and defence, and so we at the agency have to 
somehow find a way to combine all these requests into a 
coherent programme, which is not easy! 


As well as having the Polish Space Agency, you 
also joined the European Space Agency (ESA) in 
2012. How is that going? 


Europes new space agency 


After we joined we were granted a five-year transition 
period, to give the Polish space industry a bit more time 
to become competitive in European markets, although 
I think there are plans to extend that for two more years 
until 2019. The main challenge the Polish Space Agency 
faces with regards to ESA is that we haven't received as 
much ‘georeturn’ [geographical return, ie money spent by 
ESA in industry and R&D in Poland] as we would want: 
we've had 50 per cent of georeturn instead of 85 per 
cent and we need to find out what is the reason for it. My 
own assessment of this situation is that it has occurred 
because we have no working contacts between our own 
engineers and ESA's engineers for applying technology in 
the Polish space industry. 

After the transition period is over we need to discuss 
how our money is going to ESA. The budget for ESA 
is composed of contributions from each country's 
science ministries, so it doesn't normally go through 
the individual space agencies. In Poland, though, the 
Ministry of Finance doesn't want to finance it directly, so 
they ask the ministries most involved in space activities, 


Poland's Space Research 
Centre based in Warsaw 
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The Polish Space Agency was founded in summer 2014 
and officially began operations in March 2015, replacing 
Poland's Space Research Centre 





POLSA will be launching Earth observation satellites 
whose responsibilities will be to identify natural as well 
as military threats 





such as the Ministry of Defence, to put their own money 
into the pot and then all together this pot goes to ESA. 
The ministries are not very happy with this arrangement, 
but they've gotten used to it. It may be that in the future 
the Polish Space Agency will take over control of the 
money and release the ministries from paying for ESA. 
This is to be decided next year. 


What are the benefits of being in ESA? 

The main reason for being in ESA is to participate in large 
projects. Space science is definitely benefitting from ESA 
cooperation. If you get your priorities right you can really 
get quite a lot from ESA. I'm sure the Polish Space Agency 
will cooperate quite well with ESA, it’s not a problem, we 
just need the freedom to express our priorities and to 
defend them. 

John Zarnecki at the Open University in the UK was 
the first to introduce Poland to ESA projects in 199], 
through the Cassini-Huygens mission, and we supplied a 
small number of sensors to the Science Surface Package 
on the Huygens lander that landed on Titan in 2005. 


What projects are the Polish Space Agency 
involved in? 

Poland has had some ongoing projects that started 
before the Polish Space Agency was established. One 
of these projects is to build, or buy (it's not yet been 
decided), two very high-resolution optical satellites. 

At the moment it seems one will be bought and one 
will be built in Poland. Buying one of the satellites and 
having it built will take six years. In the meantime 


we will have a consortium together with a foreign 
partner to build the second very high-resolution 
Satellite. There are six or seven different companies 
interested in being our partner on this including Surrey 
Satellite Technology Limited in the UK and the other 
companies, being two American companies, one Israeli 
and three European. 


Has Poland launched any space missions before? 
In August last year China launched for us a small 
CubeSat called Hevelius, which is an astronomical 
satellite. The year before that, Russia launched another 
one for us called Lem, named after the science-fiction 
writer Stanislaw Lem. We received a contract from 
Canada to build them and we had three years to 

launch two satellites, so we bought the parts from the 
Canadians and we integrated them in Poland, so that 
Was our objective, to learn how to integrate satellites. The 
problem was Canada didn’t want us to launch from a 
Chinese rocket, but their offer was the cheapest one, but 
Canada said it wasn't their policy to launch with China. 
So Canada then withheld the separation mechanism 
technology, so we had to build our own and now China 
is interested in using this separation mechanism for its 
own satellites. 


Poland is also a partner on the upcoming NASA 
mission to Mars, which is a probe called InSight 
that will land in 2016. What is your specific 
involvement in this? 

We were asked by a group at DLR (the German Space 


“We were asked to work on a device 
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Europe's new space agency 
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The Polish Academy of Sciences was heavily 
involved with the Philae lander's MUPUS 
(Multi Purpose Sensors for Surface and 
Subsurface Science) instrument (inset) 


Agency), who are providing the mission's Heat Flow 

and Physical Properties Package, which is a ground- 
penetrating heat-flow probe, to work on a device called 
the Mole, which will hammer its way into the ground. 

In the beginning my colleagues were very excited and 
made big progress because they were somehow able to 
improve the hammering mechanism and we proved that 
we could penetrate down to five metres [16.4 feet] below 
the surface, which is quite a good result, but the problem 
was this was under normal conditions on the Earth. 
When they went to the Jet Propulsion Laboratory JPL) in 
California, where the tests are done in Mars conditions, 
the penetration stopped at a metre and a half [4.9 feet], 
and no one is able to explain what the reason for that is. A 
metre and a half or two metres [4.9 or 6.6 feet] is okay, but 
I'd prefer to go five metres [16.4 feet] below the surface. 
But we had very short notice, we had three weeks in 
2013 before the flight units were due at JPL to prove that 
we could improve this hammer. So when it comes to 
building something mechanical, we are experts on that. 


Poland is currently a member 
state of the European Space 
Agency (pittured) 


Will the Polish Space Agency be producing 

its own astronauts to go to the International 

Space Station? 

We have actually already had one astronaut - we were 

the fourth nation to have aman in space, but it was more 

through luck. Of course, first there were the Russian 

cosmonauts and then American astronauts, and then for 

a long time Russia embarked on a programme of sending 

astronauts from its neighbouring satellite countries. 

The first of those was a Czech astronaut and the second 

was a Polish one, General Hermaszewski, in 1978. At | x 

the time we had mixed feelings, of course it was a very . . af k BN wipes 

prestigious thing to have an astronaut, but we also felt = =~ 

we were being very much exploited in an exhibition 

of potential that Poland didn't have - it was a Russian 

mission. Of course there are people in Poland who want Fescarchtns Homapolananiave 
to become astronauts today but the cost of that in terms collaborated with teams of 
of preparation is quite large, so I don't think we will go. Pa tanitichicenelitecaditchierg lel 
On the other hand, we can put some experiments on the on the InSight mission, which is 
Intemational Space Station, some biology or medicine planned for launch in 2016 
experiments, but this is not our top priority right now. @ 
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Sending people to 
Saturn's moon Titan 
is an enormous 
technical challenge 
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elected as a fellow of 
the Royal Astronomical 


==. What would be involved in 
landing people on Titan? 


Space magazine. 
Scott Haughy associated with visiting Titan: while isn't suitable for human life or any other 
Although Titan is often described as Titan has an atmosphere and potentially life that we know of. The last thing is 
-» having an atmosphere similar to a weather cycle it is a cool -179 degrees the vast travel time to get there - the 
Earth, sending people there is still Celsius (-290 degrees Fahrenheit), far Cassini-Huygens probe took over seven 





~ an enormous technical challenge. too cold for us to survive. Second, the years to reach Saturn, a journey that 
There are three major factors atmospheric composition is mostly is too long for our current crewed 
that contribute to the difficulty nitrogen and methane, which really spacecraft to achieve. JB 
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The supermassive black hole, 
found at the centre of galaxies, 
is just one type of black hole 


& 


How many different types of black hole are there? 


Stephanie Wilkins 
Black holes come in many sizes, of 
which we choose to break down 
into three main types. These three 
flavours of black hole are determined 
by their method of formation and by 
extension, their initial size. 

The largest of these exotic objects 
are known as supermassive black 


holes, which are thought to be found 
at the centre of all galaxies. Although 
scientists aren't completely sure of 
how they come to be, they believe 
that supermassive black holes are 
made as a part of galaxy formation. 
Stellar black holes, on the other 
hand, are made when a massive star 
dies. These stars must have a mass 


Why does Mars have a 
weak magnetic field? 


Phillip Wicks 

It is believed by scientists that Mars 
may have lost almost all of its magnetic 
field due to the disruption of its core in 
an event billions of years ago. 

A planet's magnetic field, like Earth's, 
is caused by the convection and the 
movement of molten, iron compounds 
deep under its surface. As the planet 
spins, it allows this liquid core to act as 
a geodynamo, which in turn, creates a 
magnetic field. 

It is thought that although Mars once 
had a strong magnetic field it has since 
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lost it and as a by-product of this, went 
on to lose its protective atmosphere 


before drying up. Without a liquid, 
metal core a planet cannot act as a 


dynamo and there are a number of 


theories as to how Mars may have 
lost most of its magnetic field: 
some think it may have simply 
not been able to last billions of 
years of evolution. Others believe 
that a massive collision during 
the Late Heavy Bombardment 
could have interrupted the heat 
flow in Mars's core. SA 
























The Earth's rotation and our planet's 
revolution around the Sun means that 
we're able to see a different night sky 
during different times of the year 


( ASTRONOMY 


Why do we 

get different 
constellations 
during 
different times 
of the year? 


Holly Bannister 

Different constellations - along with 
their associate objects - come into 
view at different times of the year. 
The reason why we see varying skies 
during summer, winter, autumn 

and spring is down to the Earth's 
rotation around its axis along with 
its orbit around the Sun. It’s thanks 
to our planet’s spin that we see the 
nightly movement of stars across the 
sky, while its revolution around our 
nearest star is responsible for us seeing 
varying parts of the sky. 

Having a changing sky every season 
offers astronomers a host of night-sky 
targets. The Andromeda Galaxy is a 
favourite in autumn, while the Orion 
Nebula is visible in winter. GL 


i 








greater than around 20 solar masses 
in order that a black hole forms. 
Finally, there is the miniature 
black hole - these are theorised 
to have formed during rapid 
expansion after the Big Bang, are 
infinitesimally tiny and are thought 
to have a mass a little less than that 
of the Sun. ZB 
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What's the best type 
of mh that I 
can buy? 


Shaun Allen 
Unfortunately there is no single ‘best 
eyepiece’ since different eyepieces are 
used for observing different objects. 
Generally, though, we look for two 
factors: their magnification and their 
field of view. 

Magnification is, quite obviously, 


the amount that images are magnified 


when being observed. The full 
magnification of your telescope 

can be worked out by dividing 

your telescope's focal length by 

the eyepiece focal length. Short 

focal length eyepieces increase this 
magnification. The other factor 
important in an eyepiece is the field 
of view. This is how much sky can 
be seen through your telescope with 
that eyepiece attached. When viewing 
objects like planets, it’s desirable to 
have higher magnification and when 
observing nebulae or star clusters, a 
wider field of view is better. SA 


There is no single ‘best eyepiece’ that 
you can buy for viewing targets 
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Three moons 
i Veluilemiacoel@neiiee 
on our planet 


What would happen if the Earth had 


three moons? 


Luke Swallow 

More than one moon would have 
some interesting effects on the Earth. 
If another two moons appeared 
tomorrow, we would be in for a rough 
week or two, with a newly captured 
body having huge effects on tides and 
potentially on volcanic activity as well. 


| 4 DEEP SPACE] 


supernova 


James Harman 4 
Supernova remnants - the material 
that’s left over from the explosion of 
a star - do eventually fade away and 
become ifivisible over a period of 
*hundreds of thousands of years. 

Why supernova remnants fade 
away is because there was only-a finite 
amount of energy that made them in 
the first place. This energy comes from 
the material that was:ejected by the 


As this material moves away from the 
centréand collidesewith the gas in the 
region surrounding the star, it will lose 


up. The heated gas then releases thé 
energy in the form of light. All of the 


and, over time, the remnant will no * 
longer shine. GL 


€ . 


stovalontenele 


central sf in the supermova explosion. 


some of its energy as the gas is heated 


ehergy available is eventually released ; 


After that had all settled, the biggest 
effect of these moons would be on the 
tides. High and low tide would probably 
be more extreme: we may not have 
the regular cycle we have now as the 
water is affected by the gravity from 
the additional extraterrestrial bodies. 

If we had additional moons, we would 


. - 
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have brighter nights too, which would 
affect the hunting patterns of nocturnal 
creatures. We would not expect to see 
huge changes in the weather as these 
are more dependent on the Earth's path 
around the Sun. However, the Earth's 
tilt would be altered, which would 
affect seasons worldwide. JB 






It takes hundreds of years 
for a supernova remnant 
to fade away 
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Have any studies on human 


health been achieved in space? 


radiation that allows for the unique 
studies of the human body and 

its cells. Materials and machines 
developed through the space 
programme are often developed and 
used for biomedical purposes with 
examples such as synthetic bone and 


Timothy Small 
Yes. Many technologies developed in 
Space or through the space programme 
have been fruitful, resulting in some 
major breakthroughs including those 
in the fight against cancer. 

It's thanks to low gravity as well 
as an environment with increased 
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How are the pillar- 
like structures 
made in the Eagle 
Nebula? 


Shane Morgan 
These are the ‘Pillars of Creation’, found 
in the Eagle Nebula and are a result of the 
interactions of dust and gas with nearby stars. 
The Eagle Nebula is 7000 light years away. 
Within this huge cloud new stars can be born, iy 
some more than 16 times more massive than 
the Sun. These supergiant stars have surface 
temperatures of 30,000 degrees Celsius 
(54,000 degrees Fahrenheit). They strongly 
emit ultraviolet light and have a harsh solar 
wind capable of shaping space around them. 
The energy these stars emit is enough 
to heat up clouds of gas and dust creating 
bubbles. These bubbles are able to sweep in 
more, colder material from around it to form 
interesting structures. The Pillars of Creation 
are thought to have been created along the 
edge of one of these bubbles. ZB 
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ligament materials being constructed. 


NASA funds several programmes 
that are steadily working towards 
understanding the causes of life- 





™__ Weightlessness in space 
= == _assists with understanding 
the human body 


threatening diseases, such as cancer, 


and what we can do to fight it in 
the form of research that has been 
conducted both on the ground and 
in orbit. GL 


The Pillars of Creation found in 
the Eagle Nebula, are the result 
of interactions between clouds of 
dust and gas and nearby stars 











Quick-fire 


uestions 
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© Who discovered 

the Sun? 
The Sun has always been in 
Earth's daytime sky even before 
humans began to evolve. As 
such, it’s difficult to pin down 
who actually discovered the Sun. 
Whoever were the first complex 
organisms would have been fully 
aware of our nearest star. 






© Can we see out of the 
Milky Way from Earth? 
We can see many galaxies outside 
of the Milky Way - especially with 
the help of space telescopes and 
large instruments on the ground. 


Is the Moon hollow? 
No, the Moon isn't hollow. Since 
we've spacecraft in orbit around 
our natural satellite, we’ve been 
able to measure the gravity and 
hence the Moon's mass. 


© What is a nova? 

A nova is the strong, rapid 
increase in brightness of a star 
that has briefly re-ignited after 
being dormant for many years. 


“) How many kinds of star 
clusters are there? 

There are two types - the open 

clusters and globular clusters. The 

star members in open clusters are 

much more spread out than in 

globular clusters. 


© Can astronomers see 
objects when the Moon 
is full? 
During this phase, the Moon 
causes a great deal of light 
pollution, so it's quite difficult to 
see fainter objects such as nebulae 
and galaxies. Brighter targets such 
as some stars and planets are still 
visible during a full Moon. 


“Is there a South 

Pole star? 
Unlike those in the northern 
hemisphere, who have Polaris, 
those in the southern hemisphere 
don't have a south star. The star 
Sigma Octantis comes close, at 
just one degree away from the 
South Celestial Pole. 
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Quick-fire 
uestions 


@spaceanswers 


“Is the Earth perfectly 
round? 
Our planet is actually squashed 
at its poles and swollen at the 
equator, meaning that itis nota 
perfect sphere. Instead, we call its 
shape an oblate spheroid rather 
than a sphere. 


© Has a Briton ever been 
into space? 
Helen Sharman went into space 
in May 1991. Six Brits with dual 
nationalities followed her. The 
next British astronaut will be Tim 
Peake, who is scheduled to make 
his way to the International Space 
Station in late 2015. 


“ What exactly is space 
weather? 
Space weather, at least in our 
Solar System, encompasses 
the behaviour of our Sun - in 
particular the solar wind, a flow 
of gases from the Sun that 
streams past Earth at speeds 
of more than 500 kilometres 
(310 miles) per second to make 
aurorae, for example. 


“ How do we measure how 
heavy a star is? 

It's often easier to find stars in 

a binary system - since - from 

their orbits around each other, we 

can calculate their masses. These 

masses can then be applied to 

similar stars. 


“) How many moons does 
Uranus have? 

Ice giant Uranus has 27 known 

moons. The planet's five largest 

moons are called Miranda, Ariel, 

Umbriel, Titania and Oberon. 


“) Why does the Sun 
change colour when 
rising and setting? 

It changes colour because as it 

gets lower in the sky, the light 

has to travel through more of 
the atmosphere and therefore is 
scattered more, appearing red. 
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Can we use the © 
hydrogen and 
oxygen found 

in space to 

MEV CAVE LCS ve 


Sabrina Azombo 

While it is possible to make water from 
the hydrogen and oxygen atoms found 
in space in theory, actually doing it in 
practice is extremely difficult. 

To make water from hydrogen and 
oxygen atoms is a slow process under 
‘normal’ temperatures. So, to speed things 
up, you need a catalyst - for example, 
lighting the pair. However, making water 





































Kenneth Styman 

The Earth is around 4.54 billion 

years old. We know this because we 

essentially find the oldest piece of the 

planet we can and then figure out how 

old it is using radiometric dating. 
Finding old rocks is, in theory, 

straightforward. However, in practice, 

it is quite difficult thanks to Earth's 

tectonics, which are constantly 





this way requires energy, which can be 
costly. A second problem is that when 


the reaction is kickstarted, a huge blast is 
created, which can be dangerous. Even if 
you found a way around these problems, 


bringing the hydrogen and oxygen to 
Earth would be complicated. Getting 
enough atoms would result in a heavy 


load and using a mission to carry it would 


end up costing a great deal in fuel. GL 


An artist's 
impression of a 
young Earth 
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recycling the planet's rock before 
breaking it down into volcanic magma 
in the interior and then pumping it 
back out onto the surface. The oldest 
rock we've ever found is a tiny piece of 
zircon, a gemstone that was located in 
Western Australia. Based on this zircon 
rock, we know the Earth is at least 
4.374 billion years old, give or take a 
few million years. GL 
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Astrographs can be a useful purchase 
for keen astrophotographers 


| « ASTRONOMY 


I'm a novice 
astronomer, is 
an astrograph 
a worthy 
investment? 


James Buchan 

Astrographs are designed 
specifically for astrophotography. 
If this is your aim in stargazing 
they can be a worthy purchase. 
Usually used in studying wide 
regions of the night sky and 
searching for asteroids, astrographs 
have a specialised setup to ease 
the capture of images. However, 
if youre just starting out in 
astronomy, we recommend a 
standard telescope. If you have 
an interest in astrophotography, 
you can usually acquire mounts 
for telescopes, allowing you to 
attach 35mm cameras. This is a 
cheap way, if you already have the 
camera, to get into the hobby. If 
your interest takes off, then you 
can consider investment in more 
specialised equipment. JB 
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Do astronauts play musical 


1 : Ma 
Chris Hadfield 
“playing his 
» ‘ie lmeyel 





ke board the ISS 


instruments 1n space? 


Henry Jamieson 

Yes, they do. In fact it’s a favourite 
pastime on the International 

Space Station. Canadian astronaut 
Commander Chris Hadfield, for 
example, has become quite well known 
for videos that he has recorded singing 
and playing a guitar on the Earth-orbit 
habitat. Other astronauts have also been 
known to play the trumpet. 


< 


Samuel Collins 

Since we don't think that the universe 
has a centre and we're unsure of how 
big the universe really is, it is very 
difficult to say where we are. If you 
consider the universe on a large scale, 
it's said that the cosmos is made of the 
same things and doesn't really change 
in whichever direction you look. Zoom 
in on a smaller scale, and you will 
begin to notice the smaller structures 
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While playing a musical instrument 
is fine on the International Space 
Station in microgravity, playing one 
actually on a spacewalk would be a 
different experience since sound waves 
need to travel through air. For example, 
while the strings of a violin would 
vibrate properly, the near-vacuum of 
space would prohibit it from producing 
any sound. GL 


Our galaxy sits in the Virgo 
_ supercluster (pictured) 


Where are we located in 
relation to the entire universe? 


such as clusters of galaxies and, moving 
in even further, you will notice even 
smaller structures such as our own 
Milky Way galaxy. We have a fair idea 
of our surroundings in the universe - 
for example, we know that we are in a 
small group of galaxies known as the 
Local Group, which is towards the edge 
of a supercluster known as the Virgo 
Cluster. However, that’s as much as we 
know for now. GL 
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EUROPA OCEAN 
EXPLORER 


NASA's new mission to search for 
life on Jupiter's moon is underway 


» What are they COmng, oe up there 
,. on the International Space Station? 


» ‘THE NEW SEARCH 
_ FOR ALIEN LIFE 


™* Stephen Hawking heads a $10Omn 
eee Project to find an alien civilisation 


DARK SKY 
ASTRONOMY 


Learn where to go and what 
space objects to look out for 
as the nights draw in 


STAR QUAKES 

HOW TO VIEW URANUS 

THE COSMONAUTS 
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The Moon has to rank as one of the night sky’s most 
underrated observing targets. Perhaps it's because 
we're so familiar with its almost constant presence 
in our sky that we take it for granted. However, at 
a measly quarter of a million miles distant, it is the 
astronomical gift that keeps on giving. 
Approximately once a month (every 29.5 days 
to be precise) we see the Moon wax and wane 
through its cycle of phases. This constantly shifting 
appearance is the result of the lunar surface 
reflecting different amounts of sunlight our way 
as the Moon treks through its orbit around us. If 
viewing with the unaided eye, don’t just focus on 
the directly illuminated part though. You should be 
able to make out the edge of the rest of the Moon. 
This is known as ‘Earthshine’ - sunlight being 
reflected off the Earth onto the Moon and back to 
the Earth again. 


7/0) 


A gibbous or full Moon may seem staggeringly 
bright, but that’s because you'e seeing it juxtaposed 
against a jet-black sky. In truth, the Moon only 
reflects seven per cent of the sunlight falling upon 
it - no shinier than a tarmac road. Yet even that’s 
enough to make a full Moon a nuisance: it washes 
out the light from dimmer objects you might also 
want to observe. That might be compensated for if 
being full gave a better view of the Moon itself, but 
it doesn't. In many ways, 100 per cent illumination 
is the worst time to view the lunar surface. 

On the plus side, it does give you the most 
comprehensive view of the Moon's litany of maria - 
sprawling, dark regions more commonly known as 
seas. These vast plains do not contain any water, but 
were once oceans of lava present in our satellite's 
younger days. Along with the Sea of Tranquility - 
the site for the historic first Moon landing - there are 
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Last quarter 


—_— 
Waning gibbous 
51-99% 
16-21 
Full Moon 
100% 
14 to 15 
# : 
A 
eae: a 
Waxing gibbous sh 
51-99% ~ 
9-13 


seas of Cleverness, Nectar, Clouds and many others. 
Smaller plains are known as a ‘lacus’ or lakes, with 
wistful names like the Lakes of Softness, Hatred, 
Perseverance and Death. Other related features 
included ‘sinus’ or bays (Rainbows, Roughness, Dew) 
and ‘palus’ or marshes (Epidemics, Decay, Sleep). 
The largest of these features are all visible with the 
unaided eye and can be enhanced with a pair of low- 
power binoculars. 

However, the main drawback of a full Moon is the 
lack of shadows. Scattered all across the lunar surface 


First quarter 
50% 
7-8 


are chains of spectacular craters, straggly mountain 
ranges and sinewy volcanic rilles. Yet to see them in 
their ultimate glory you need shadows to lend depth 
and perspective. This can be achieved by looking 
along ‘the terminator’ - the line that separates the 
directly illuminated part of the Moon from the dark, 
the point at which lunar day meets lunar night. 

Just as at dusk and dawn on Earth, the shadows are 
longest here. Prime viewing time is arguably the ten 
days centred around the first quarter Moon. Pointing 
a pair of binoculars along the terminator will begin 


‘Tt’s the craters you'll notice first - huge 
= created when space debris pile 
eadlong into the lunar regolith” 
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Waning crescent 


1-49% 
23-29 
New Moon 
0% 
O 
Waxing crescent 
1-49% 
1-6 


to reveal that detail, but a small telescope will really 
kick things up a gear. Using a Moon filter can also 
help knock down brightness and boost contrast. 

It’s the craters you'll notice first - huge pits created 
when space debris piled headlong into the lunar 
regolith. These craters come in two basic types - 
‘simple’ and ‘complex’. Complex craters boast an 
additional central peak, and one of the most popular 
and accessible of these complex craters is Tycho. It is 
also one of the youngest. Just over 100 million years 
ago, the southern area of the Moon was struck and 
the energy of the impact melted some of the rock, 
throwing it high into the lunar sky. Instantly hitting 
ice-cold space, the ejecta solidified into glass beads 
which fell back to the surface. That's why, if you look 
closely in the area around Tycho, you'll see long, thin 
Tays’ stretching outwards like the spokes of a wheel. 
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Observing our lunar — 


Whether you are using binoculars, a telescope or even Waxing gibbous 
the naked eye, there's a glut of features to VIEW _ceggenms Ee 
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Sea of Serenity 
Lunar sea 


Naked eye 





Aristarchus 


Crater 
Naked eye 
Rupes Recta (‘the 
Waxing gibbous straight wall’) 
Rille 
Telescope 
Copernicus Waxing crescent 
Crater 
Crater 
Binoculars 
Naked eye Clavius 
Crater 
Waxing gibbous Binoculars 
Waxing gibbous 


1 to 2 days after first quarter 
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How to spot the 





Find the centre of the Moon 
Begin right in the middle of the 
Moon and move up the centre 
line until you're about level with the 
northern crater Copernicus. 


Locate the landing site 

The bottom of the Sea of 

Tranquility is split into two 
sections, the Apollo 11 landing site is the 


Apollo 11 landing site 








Move right to find it 

Move your gaze over to the right 

until you come across a big dark 
sea. It should have another sea of about 
the same size joining it to the top left. 


Get observing! 

You won't see any detail due to 

the landing site being very small, 
but it's just to the east of the twin 





Slightly further towards the lunar limb you'll 
find the crater Clavius. Consisting of one large, old 
crater whose floor is peppered with holes from later 
impacts, it shows that the Moon was hit at many 
points during its history. Depending on the time 
of the month you are looking, you might also see 
shadows stretching out like tentacles on a crater 
floor. They are being cast by the towering rim of the 
crater, which forms a Moon mountain range that can 
be several kilometres high. Even higher mountains 
are found around the edge of maria, with the largest 
being Mons Huygens (at 5.5 kilometres/3.4 miles tall 
it is more than half the size of Mount Everest here 
on Earth). The famous Italian astronomer Galileo 
Galilei was able to use these shadows to work out the 
mountain heights for the first time. 

Another popular target for amateur Moon watchers 
is volcanic rilles. While their exact origin is unclear, 
they are likely either ancient transport routes for the 
Moon's bygone lava flows or cracks in the lunar crust. 
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Lunar eclipse 
diary 
28 September 2015 
Lunar eclipse type: Total 


Observable from: Europe, the Middle 
East, Africa and the Americas. 


7 August 2017 

Lunar eclipse type: Partial 
Observable from: Eastern Europe, 
Africa, Asia and Australia 


31 January 2018 

Lunar eclipse type: Total 
Observable from: North America, the 
Pacific, Asia and Australia 


27 July 2018 

Lunar eclipse type: Total 
Observable from: Western Africa and 
Central Asia 









left-hand area. 


One of the most famous rilles is the 100-kilometre 
(62-mile) long Rupes Recta (also known as ‘the 
straight wall’), which forms part of the Mare 
Nubium not far from Tycho in the Moon's southern 
hemisphere. It is best seen around eight days after 
new Moon. Moving to the northern hemisphere, 
you'll also find Hadley Rille near Mons Hadley in 
the rugged Montes Apenninus mountain range. It 
was here that the Apollo 15 astronauts placed an 
aluminium sculpture known as the ‘Fallen Astronaut’ 
in honour of those who had lost their lives in space 
exploration endeavours. 

The joy of the Moon is that its appearance is 
cyclical - miss something one month and it'll be 
there to see again the next. You can watch it evolve 
too as sunlight moves across its surface, bringing 
new features into stark relief as others fade. Some are 
around for days, to see others you have to get your 
timing bang on. For example, there's an effect known 
as the Purbach Cross. For only four hours a month 
around first quarter, sunlight strikes ridges and rilles 
in such a way that you can see an obvious ‘X’ shape 
spanning the terminator. 


How do lunar eclipses work? 


Atmospheric refraction ® 
The Moon turns red as the--} 
Earth's atmosphere filters and 
bends some sunlight towards it. 


Angled orbit @ 


“>. Maximum duration of & 
~---total lunar-eclipse 





craters Sabine and Ritter. 


Sometimes, however, the Moon can put on a show 
that isn't so regular - a lunar eclipse. These occur 
when Earth moves completely or partially between 
the Sun and the Moon, preventing the full amount of 
light reaching the lunar surface to be reflected back 
to us. These do not occur every month because the 
Moon's orbit is inclined to the Earth-Sun line by five 
degrees. The most striking part of a lunar eclipse is at 
totality, when it turns an intense shade of red. At first 
this may seem strange given the Earth is blocking 
any direct sunlight getting to the Moon. However, 
our planet's atmosphere is capable of bending some 
light around us, meaning that some illumination gets 
through. The red of the visible spectrum is bent most 
and lunar eclipses can be blood red if there is a lot of 
pollution in the atmosphere, as this contributes some 
additional bending power. 

However you choose to view the Moon you are 
guaranteed to be in for many spectacular sights and 
if you're lucky enough to have clear weather during a 
lunar eclipse, be sure not to miss it. Either way, when 
it comes to amateur astronomy, there’s not much that 
can match our Moon for quality viewing. @ 


® The penumbra 
We see partial lunar 
eclipses when the Moon 
spans the umbra and the 
penumbra. 





The umbra © 


Total lunar eclipses 
occur when the Moon 





The Moon's orbit is tilted to 
the Sun-Earth line, meaning we 
don't see eclipses every month. 


It takes no more than 1 hour 
40 minutes for the Moon to 
pass through the umbra. 


21 January 2019 

Lunar eclipse type: Total 
Observable from: Northwest Africa, 
Europe and the Americas 


completely resides in 
the Earth's shadow. 
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How to make a 
Moon mosaic 


A majestic Moon mosaic is the 
ultimate cosmic jigsaw puzzle - 
you even make the pieces 


The Moon is so close that getting a single, detailed 
image of all of its wonders is no mean feat. Instead, a 
lot of astronomers create a ‘Moon mosaic’ - a single 
large image made up of several smaller images all 
Stitched together. 

One of the easiest ways to achieve this is by 
attaching a webcam to your telescope. You can even 
buy specialised Moon-imaging equipment such as 
Meade’s Lunar Planetary Imager, which plugs straight 
into your computer via USB. A place where you have 
a clear view of the Moon for several hours is also a 
favourable option. 

If you're successful, you could even show off your 
creation by printing it on a canvas. 
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Ideally you want a place far from street lighting 
that will give you an uninterrupted view of the 
Moon for several hours - the last thing you want 
is the Moon disappearing behind a tree halfway 
through! Make sure the sky is fully dark too - 
changing light conditions can be a pain and the bane 
of a lunar mosaic maker's life. 


| Find your location 


Focus 

It is key that all your images are in focus. To 

get the best focus, move your telescope to 
the terminator (the dividing line between light and 
dark). Take a few test shots and zoom in to check for 
absolute focus. Experiment with exposure times to 
ensure that no part of the Moon is saturated. 


Process your mosaic 

Use software like RegiStax to get the best frames from your videos. You can then use a piece of stitching 

software such as iMerge in order to build up the complete image of your mosaic. Once you have your 
complete mosaic, polish it up by sharpening the contrast in photo-editing software. The final result should be 
extremely satisfying. 
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Astrophotographer Cristo 
Sanchez managed to pick out 
subtle colouring in his shot of 
our lunar companion 


Set up your equipment 

YouTe going to need a telescope in order to 

capture the finer detail on the lunar surface. 
Set it up in the usual way and attach your chosen 
imaging equipment (either a DSLR camera, webcam 
or dedicated lunar imager). A red filter can also cut 
out some of the atmospheric disturbance, leading to 
sharper images. 


Take the shots/video 

Whether recording videos (AVI is best) or 

taking static shots, start at the top of the 
terminator and systematically work your way around 
the lunar surface. Splitting the Moon up into 20 to 30 
sections is probably about right. It doesn't matter if 
the areas overlap a little. 


© Cristo Sanchez; NASA; John Fowler 








How to watch a meteor shower 


The second half of the year boasts some epic night-sky light shows - here's how best to view them 


Meteor watching can be good fun for all the family, 
especially when viewing the Perseids meteor shower 
on warmer summer nights. Most showers are in 
autumn and winter, however, so the first piece of 
advice is to wrap up warm, with a hot flask beside 
you. YouTe going to be doing a lot of sitting or 
Standing as you wait and watch so be prepared! 

Certainly, as you spend maybe hours looking 
up, youTe going to get a stiff neck and back. Try 
sitting on a deck chair, its gentle angle positioning 
you perfectly to get a good view of the night sky. It 
can get a little lonely just sitting there in your back 
garden in the pitch black - watching with family, 
friends or perhaps other members of your astronomy 
society can turn meteor watching into a social event. 

Because some meteors are fainter than others, and 
flash across the sky quickly, you'll need your eyes 
to grow accustomed to the darkness, aiding what is 
called your dark adaption. Your night vision takes 
around 20 minutes to develop, but can be ruined in a 
second by someone turning on a torch or a security 
light. If you have to use a torch, choose a red-light 
torch designed for astronomical use so that it does 
not destroy your night vision. 

Meteor watching can also become a grand science 
experiment. With pencil, paper and clipboard, note 
down the time, the brightness of the meteor by 
comparing it to the brightness of known stars that 
were near a meteor, details of the weather conditions, 
whether the Moon was out, the region of the sky 
you saw it in Gf you can name the constellation 
that’s helpful) and the colour and how long the 
meteor lasted before fading from view. Then send 
your meteor report to an agency such as the British 
Astronomical Association, which will be collecting 
reports from amateur astronomers and compiling 
them. The results help predict the future behaviour 
of the meteor shower, help explain its characteristics 
and also tell us a little about the comet or asteroid 
that produced it. 
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Quadrantids 

Dates: 28 December-6 January 

Peak: 3/4 January 

Zenithal hourly rate: 80 meteors per hour 
Origin: Asteroid 2003 EH1 


Often seen with blue or green colours and leave 
behind long glowing train, but you have to be quick 
to catch them; its peak of activity is a very narrow 
window of just a few hours. The meteor shower is 
named after the old constellation Quadrans Muralis, 
which doesn't exist any longer. 


Where to look: High towards the northeast on the 
night of 3 January/morning of 4 January. 


Meteor-hunting toolbox 





Leonids 

Dates: 8-28 November 

Peak: 17 November 

Zenithal hourly rate: 15 meteors per hour 
Origin: Comet Tempel-Tuttle 


With very fast meteors but a low ZHR, the 
Leonids are normally fairly average, but 
occasionally they ‘storm’, with hundreds of 
meteors per hour. The last time this happened 
was in 2003. 


Where to look: Look to the north and 
overhead, at the constellations around Ursa 
Major and Cassiopeia. 





Red flashlight 

In order to see the fainter meteors, your 
eyes will need to be adapted to the dark. 
If you're using a night-sky map or need 
to see in the dark, then you should use a 
red torch to ensure that your night vision 
is preserved. 
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Warm clothing 

With some showers only observable 
during the winter months, you'll need to 
make sure that you keep warm. A scarf, 
hat, gloves and a thick coat are essential 
for long periods of observing - you may 
also wish to use a sleeping bag. 


Hot drink 


It's also a good idea to keep warm by 
drinking hot liquids during a cold night. 
Coffee and tea are often a popular way 
to keep awake after midnight. If you can, 
have a nap before heading out. Avoid 
alcohol, it will make you colder. 


Deck chair 

Looking for meteors will involve a 
considerable amount of time looking 

up, which can strain the neck. A deck 
chair will keep you at an inclined position 
for maximum comfort without putting 
undue stress on your neck. 


www.spaceanswers.com 


Perseids 

Dates: 16 July-26 August 

Peak: 12 August 

Zenithal hourly rate: 1OO meteors per hour 
Origin: Comet Swift-Tuttle 


These are bright, fast meteors that frequently flare 
and leave glowing trains. 


Where to look: Look high overhead on summer 
nights, as well as towards the Summer Triangle 
made up of the three brightest stars in Cygnus, 
Lyra and Aquila. 


Southern Delta Aquarids 

Dates: 12 July-18 August 

Peak: 28-29 July 

Zenithal hourly rate: 18 meteors per hour 

Origin: Comet Marsden 

Delta Aquarid meteors are generally fainter than the 
meteors of other showers, but that doesn't mean 
they're not worth staying up for. 


Where to look: Between midnight and dawn, look 
towards the south and the Square of Pegasus. 
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How to watch a meteor shower 


Lyrids 

Dates: 19-25 April 

Peak: 22 April 

Zenithal hourly rate: 20 meteors per hour 
Origin: Comet Thatcher 


The Lyrids are not a very active shower, so you'll 
need to be eagle-eyed to catch one of these fast- 
moving meteors. 


Where to look: The Lyrids originate from the 
constellation of Lyra, close to the star Vega, but 
you should look 40 degrees either side of Lyra. 


Orionids 

Dates: 2 October-11 November 

Peak: 22 October 

Zenithal hourly rate: 20 meteors per hour 
Origin: Halley's Comet 


Bright and fast, with half leaving lingering glowing 
trains. Some of the meteors are as bright as the 
brightest stars in the sky. 


Where to look: Gaze high to the south, above 
where the constellation of Orion is rising. 


‘Ne Hyades 
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Taurids 

Dates: 25 September-25 November 

Peak: 5 November and 12 November 
Zenithal hourly rate: 7 meteors per hour 
Origin: Comet Encke 


Despite being few in number, Taurid meteors are 
bright and often produce fireballs, a memorable sight 
on a dark night. 


Where to look: The Taurids have two peaks of 
activity, with the southern peak on Bonfire Night 
and the northern peak a week later. 


Geminids 

Dates: 1-18 December 

Peak: 14 December 

Zenithal hourly rate: 120 meteors per hour 

Origin: Asteroid 3200 Phaethon 

A third of Geminid meteors appear yellow, most 
appear white and a handful can have colours such as 
blue, red and green. 


Where to look: Overhead and to the south in the 
constellations of Orion, Taurus and Perseus. 
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When buying binoculars... 


Make sure they A 7x or 10x The Porro prism A tripod bushing Make sure the 

are a manageable magnification is all design is best for is always a specifications say 

size for you. Big that's necessary for stargazing. They good idea. It will ‘fully multi-coated 
magnification can mean astronomy, particularly often give the same give you the option of optics’, to improve the 
huge, heavy binos. for spotting purposes. power for less cash. long binocular observing. quality of the image. 
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part of the number, the ‘50", tells you 
that the aperture of the main lenses is 
50mm. If you are buying binoculars 
mainly for astronomy, do get the best 
quality you can afford. You can find 
respectable-quality optics for around 
£50 ($80). 

It is best not to get binoculars with 
excessive magnifications. There are 
several reasons for this. When you 
increase magnification you will also 
increase the magnification of your 
natural hand shake, which can mean 
that the image is continually dancing 
around, which can be annoying if 
you are trying to study an object in 
any detail. Around 10x is therefore 


Anatomy of 
binoculars 





Object lenses @ 
These lenses control the 
amount of light entering 
your eye, so the larger the 
better, within reason. 





the most magnification you should 
consider, unless you are prepared 

to tripod-mount the instruments. 
There are occasions where it can be 
useful to tripod-mount even fairly 
low-power binoculars, though, such 

as for extended viewing. With many 
makes and models it is possible, with 
the addition of a special bracket, 

to mount the binoculars onto a 
photographic tripod. Any binoculars 
with a magnification of 15x or over will 
almost certainly need mounting in 
such a way, as they usually have larger 
object lenses and are much heavier. If 
you are buying a tripod to mount your 
binoculars, do make sure it is very 





Tripod bushing @ 
This is the socket into 
which you can screw a 
tripod adaptor bracket. 
You'll have to remove 
the cover first! 


sturdy, as binoculars can be at least as 

heavy as a modern camera. 
Binoculars use prisms inside to fold 

up the light path and thereby make 


them manageable. There are two types 


of prisms utilised; Porro prisms and 
roof prisms. The design which uses 
Porro prisms are usually recognisable 
from their shape, being broader and 


with a ‘step’ in the width of the barrels, 


whereas designs using roof prisms 

are frequently straight barrelled and 
without the step. Old-fashioned field 
glasses, as they were known, used 
Porro prisms and binoculars that also 
use Porro prisms are preferable for use 
in astronomy, although those using 









roof prisms are perfectly adequate 
if they are of good quality. Do make 
sure you get ‘fully multi-coated’ optics 
when buying binoculars. This is where 
all the glass-to-air surfaces are properly 
coated to reduce internal reflections. 
This helps to increase the contrast in 
the images you see, which is especially 
important in the low light levels 
involved in viewing celestial targets. 
Binoculars will allow you to see 
plenty of detail on the Moon and 
will show up many star clusters well, 
especially those such as the Pleiades. 
These instruments are by far the best 
to view the Andromeda Galaxy, among 
many other popular targets. 


® Eye lenses 
The lenses you look 
through govern the 
magnification you get 
with the binoculars and 
the field of view. 


® Focus wheel 
The focus wheel allows 
you to get a sharp 
image. Everyone's eyes 
are different, so each 
person will need to 
adjust this slightly. 


® Prisms 

The prisms fold the light 
inside the body of the 
binoculars. Porro prisms are 
preferable for astronomy. 


Ste 
<9 We recommend 








Celestron ‘Skymaster’ 8x56 
Deluxe 

From: The Widescreen Centre 
Cost: RRP £199 ($310) 

Celestron's large aperture binoculars 
offer high-performance optics 
which give bright, sharp images 

for astronomical objects. They are 
nitrogen purged and waterproof. 


Helios ‘Naturesport Plus’ 

From: Various retailers 

Cost: RRP £99.99 ($156) 

A popular range of rubber armoured 
binoculars with very good quality 
optics. They give a wide field of view 
with crisp, clean images. A tripod bush 
is included and long eye relief ensures 
a good view for spectacle wearers. 


Bresser ‘Cobra’ 

From: Telescope House 

Cost: RRP £73.99 ($115) 

A good general-purpose binocular with 
excellent optical quality. The 7x50 
Porro prisms of the range are good 

for astronomy, delivering bright, crisp 
images. They have a rubber armoured 
body with fully multi-coated optics. 


Helios ‘Field Master’ 

From: Various retailers 

Cost: RRP £54.99 ($85) 

This is an inexpensive range. We 
recommend 7x50 or 10x50Os for 
stargazing. They are well-designed, 
robust and have a tripod bushing. The 
eye lenses have long eye relief, good 
for spectacle wearers. 
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Top 5 binocular targets 


Albireo eo 
Target type: Double star © 
Constellation: Cygnus 

Binocular magnification required: 10x 

This star marks the head of the Swan Hercules | 
and is at the end of the long axis of the . 


‘northern cross’ as this constellation is 
sometimes known. e Tc e et | 











NERS; 
eo—e e— e 
\ Great Globular Cluster in 
ae Hercules (M13) 
® Target type: Globular star cluster 
™, Constellation: Hercules 
Binocular magnification required: 10x 
Find the star at the top right of the 
‘keystone’ of Hercules asterism. Steadily 
° move your binoculars towards the star 
%\. at the bottom right (Zeta Herculis). 
e About a third of the way along you'll 
spot the cluster. 
PN yi c=xe) ad 
& 
eo Scutum Star Cloud . 
Target type: Dense patch of the Milky Way 
a3 ad Constellation: Scutum 
Binocular magnification required: 7x e 






~~ Ia : Due south of Cygnus and Aquila lays the 
fe yi - 4s = te inconspicuous constellation of Scutum. It is 
ae! : easy to recognise though, as the Milky Way 


seems much denser here and is wonderful to Square of 
e scan with binoculars. Pegasus 
. 
> PR aS The Perseus Double Cluster 
Sess ‘(Neem siosok ale Rsts7-5) 
Target type: Two open star clusters 
Cassiopeia Constellation: Perseus 


a 


Binocular magnification required: 10x 








* . Laying between the inverted ‘Y’ 
° of Perseus and the ‘W’ of Cassiopeia 
you'll find this lovely pair of open star Andromeda 
clusters. Binoculars will show dozens of 
. stars in each group. 
e NGC 869 s il 
e ° 
NGC 884 
2 p _* e Andromeda Galaxy (M31) 
ae ae : Target type: Spiral galaxy 


From the top-left star of the Square of 
Pegasus move two bright stars to the 
Ce | east and then up two more. Just to the 


° 
a oe above right of this star you'll iale)a(@curl 
am | . 
large fuzzy patch of light. 
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e oe 
bd 7 Constellation: Andromeda 
he Binocular magnification required: 7x 
iN 
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-How to view 





Neptune 


- 


Grab this chance to see the outermost planet of our Solar System. at its best 


On 1 September, Neptune reaches opposition. This 
means that it is directly opposite the Sun in our 
skies, so rises when the Sun sets and sets when the 
Sun rises. It also means that we are closer to it in our 
__ Telative orbits, which in turn means it appears larger 
to us than at other times. However, it is the most 
distant planet in the Solar System and this increase 
in apparent size is therefore really quite small, at 


‘only two tenths of an arcsecond! 


Its distance from the Earth, at some 4.5 billion 
kilometres (2.8 billion miles), means that Neptune 


10x50 binoculars 

In handheld binoculars, Neptune will 
appear only as a fairly faint star. You will 
need a good star chart in order to show 
the position of the planet to be sure 
you are really looking at it. 


82 


Small telescope 

A telescope of around 75-lOOmm 
(3-4in) in aperture, will begin to reveal 
the disc of Neptune. It will be tiny, with 
a bluish tinge and quite obviously not 
just another ‘star’. 


is very faint and cannot be seen with the naked 
eye. In fact, the planet wasn't discovered until 1846 
opi dele @—)aent-hel-lsince)slonsloam (e)er-leleme eldusalceme;cIil= 
and his assistant Heinrich Louis d’Arrest, who were 
working from calculations for its position supplied 
by Urbain Le Verrier, a French mathematician and 
astronomer. He just beat the English mathematician 
John Couch Adams-to the discovery who, unknown 
to each other, was working on the same problem at 
the same time. They were looking for the planet’due 
to the noticeable effect it was having on the orbit of 


Medium telescope 

Instruments of 150-250mm (6-10in) in 
aperture will show Neptune as a small 
disc under moderate magnification 
around 150x. It will have a distinct blue 


colour although no detail will be visible. 


Uranus and astronomers realised that'there must be: 
another large body further out in the Solar System. 
After its discovery, it was realised that the planet 
was in fact observed on other occasions but not.» 
recognised for what it was. This demonstrates that 
it is easily mistaken for a ‘star’ because it is so. small 
and faint. However, with a good star chartanda 
little time (unless you possess a ‘GoTo’ computer- 
driven telescope, which makes it easier) you can find 
Neptune with relatively little effort. Modern optics 
make the whole operation much simpler, too. 


Large telescope 

Telescopes in excess of 300mm 
(12in) in aperture will present a disc 
of Neptune with a blue colour. The 
blurring effect of Earth's atmosphere 
will be more noticeable, however. 
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Because Neptune is faint, there are other factors 

that make it easier to see at some times rather than 
others. First, you will need a reasonably dark-sky site 
and clear conditions. Second, binoculars like 7x50 or 
10x50s should show it up as star like, but it is easy to 
confuse with surrounding stars. 

Neptune's opposition also sees a bright waning 
gibbous Moon, 85 per cent illuminated. This will 
hinder the hunt for Neptune as the bright Moonlight 
will wash out the fainter stars and planets. However, 
within a few days, the Moon will have moved 
eastward and decreased in brightness as its phase 
reduces to a crescent, heading towards new Moon at 
mid-month, so it should get steadily easier to locate 
and view Neptune as the month progresses. 

If you would like to observe Neptune as 
anything other than a faint star, you are going to 
need a telescope. A small telescope with around 
75 millimetres (three inches) of aperture and at 
moderate magnification, will be enough to start to 
show that the planet has a discernible disc. In other 
words it will look less ‘stellar’ than the surrounding 
stars. In a well-focused telescope, all stars should 
look like points of light. Neptune, on the other hand, 
will have a definite disc, albeit small and it will 
have a slight bluish-coloured tinge. This is due to 
its atmosphere, made from gases such as hydrogen, 
helium and ‘ices’ such as methane. It reflects the 
Sun's light but at this distance the Sun appears only 
as a very bright star if you were to stand on, or orbit 
the planet. Therefore Neptune seems quite faint to 
us as it is reflecting the light from what appears to be 
just a very bright star! A larger telescope of say 150 
to 200 millimetres (six to eight inches) in aperture 
will show the planet quite clearly as a disc. As your 
telescope’s aperture increases, it is more likely that 


“Neptune will have a definite disc, albeit 


small and it will have a slight bluish- 


coloured tinge” 


you will notice another issue that can affect viewing 
Solar System objects in particular - our atmosphere's 
blurring effect. Because the air above us is constantly 
moving and is at differing temperatures, it tends 

to smear out the light from the stars and planets. 

It's what makes stars twinkle. With a planet, it 

causes faint detail to be blurred and can even make 
it look like the planet is at the bottom of a pot of 
boiling water. Due to this effect and the planet's 

great distance, it isn't possible to see any detail in 

the atmosphere of Neptune. Because the planet is 

a gas giant, it does not have a surface like the inner 
terrestrial planets like Earth. Remember: Neptune is 
more than 30 times the distance from the Sun as the 
Earth is and can be difficult to find, so if you don't 
have a computer-guided mount, then you can use the 
information here to help you find it. 

To really show the planet as a disc, you are going 
to need moderate to high magnification, so eyepieces 
that can give you over 80x are needed and if you can 
get around 150x with your telescope focal length/ 
eyepiece setup, this would be better. You could also 
try using a coloured filter fitted to your eyepiece, 
such as a yellow-green or green, as this will enhance 
the contrast between the planet and the background 
sky. Due to the way the human eye works, the 
apparent colour of the planet can vary according to 
the aperture of your telescope. It will seem bluer, for 
example, in telescopes of 300 millimetres (12 inches) 





or greater. At high powers the apparent field of view 
in your eyepiece will be small and so the planet will 
seem to drift across the field quite quickly. A tracking, 
driven equatorial mount will alleviate this problem, 

if it's properly polar aligned, or of course a computer- 
controlled driven mount. This doesn't mean to 

say that you can't see it if you have a Dobsonian 
telescope for example, but you will have your work 
cut out keeping up with the planet. 

Neptune also has moons like the other gas giants. 
The largest of these is Triton, just visible in large 
amateur telescopes. We're sure Triton is a captured 
asteroid or Kuiper Belt object, as it has a retrograde 
orbit - it goes the ‘wrong way’ around the planet. 
Because it’s so faint, the best way to see it is by 
imaging it with a sensitive astro-video camera or 
webcam device, which can image the planet too. 
These cameras are used to take video footage of the 
object or planet at as high a frame rate as possible. 
These hundreds of frames are then processed in 
software that discards the poorest-quality images and 
stacks the sharpest ones. This helps to enhance the 
contrast and any detail that might be visible. This is 
further processed and sharpened to produce a single 
(hopefully sharp) image of the planet or moon. Such 
devices and software have revolutionised planetary 
observing in recent years. 

The planet Uranus resides not too far away in 
the neighbouring zodiacal constellation of Pisces, 
to the east of Neptune and of course is the planet 
that spurred the original search for Neptune. This 
is a similar world in many ways, although slightly 
smaller and less dense. Being that much closer to us 
than Neptune, it is much easier to see and binoculars 
will show it up relatively easily. Again, like its more 
remote neighbour, Uranus is featureless - at least in 
amateur telescopes - and is covered in a thick blanket 
of cloud. Smaller telescopes will show it as a disc 
quite readily though and with larger telescopes the 
disc has a greenish colour to it, which is interesting 
as it is made of similar gases to Neptune, so there 
must be something else in Neptune's atmosphere 
that is causing it to look bluer. As yet, this material 
is unknown. Uranus has 27 known moons but like 
Neptune's, these are very faint. The largest of them is 
called Titania and will only be visible in quite large 
amateur telescopes in the region of 355 millimetres 
(14 inches) in aperture, or by using video-imaging 
cameras. Do leave trying to observe Uranus until 
after 1 September though, as it is near to the Moon on 
this date, which will make finding it more difficult. 

These two remote and frozen worlds are 
interesting targets for the amateur astronomer. 
Although Neptune is a little more challenging to find 
and observe, it is well worth turning your telescope 
onto. Always keep in mind just how far away it is 
and you'll be amazed that you can see such a world 
at this vast distance with your own telescope. If you 
have the equipment to image it, give it a go and show 
your family and friends. 
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The year of the ice giant 


How to find Neptune 


Find Aquarius 
| Aquarius can be a rather indistinct constellation, 
but it will be due south at midnight GMT on 
1 September about 25° to 30° above the horizon, 
depending on your latitude. 


Locate the star Zeta Aquarii 
y Zeta Aquarii is the middle star of the asterism 
known as the ‘Water Jar’ carried by Aquarius. 
Jimkcwrel Ison d elem aslo cepnle)adels eh acie-lmiemdsl-mee)elsitciitclaleep 


Finding Sigma Aquarii 
3 Sigma is almost exactly due south of the star 
Zeta. It isn't quite as bright as Zeta and is 11° 
south. A star chart will help here. 


Find Lambda Aquarii 
Lambda lies about 10° northeast of Sigma and 


is much brighter. Check your star chart to 
make sure you are on track. 


Find Neptune 
Draw an imaginary line between the stars 


Sigma and Zeta and you'll find Neptune almost 
exactly halfway between them on this line. 


IN Solabielomecalelelcmele plo mee)eesiuleynl 
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stars of Aquarius. 


June 2015 
The planet now starts its 


Earth overtake it in our orbit. 


1 September 2015 
Neptune is now at 


an apparent reverse course. 


January 2015 
Neptune is found moving 
slowly eastward through the 


retrograde loop as we on 


fo) 8) oxe)-})m(0)aW--wimee) ald ales 


|Felaeleyer! ° 


www.spaceanswers.com 


& Zeta 





STARGAZER 
How to view Neptune, ' 








A date for 
your diary 


Conjunction with Venus 


Due to its extreme distance as well as 
faintness, it is rare to see any astronomical 
events involving the planet. However, on 

1 January 2017 Neptune will be in close 
conjunction with Venus in the evening 
sky, visible from the northern hemisphere. 
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Using the 
sky chart 





Please note that this chart is for 
midnight mid-month and set 
for 45° latitude north or south 
respectively. 


Hold the chart above your 
head with the bottom of 
the page in front of you. 


6) 


Q2 Face south and notice 
that north on the chart is 
behind you. 


03 The constellations on 
the chart should now 

match what you see in 

the sky. 
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bite d Terry Hancock . 


‘ = Michigan, USA | : 
—— a * Telescope: 12” Ritchey- : : 
. : Chrétien reflector & | 


| Takahashi E180 Astrograph _ a 
« ; , re ‘ “My interest in astronomy and @ 
; photography began some 40 _ 


* years ago in Australia. Inspired 
wey the late Sir Patrick Moore, my first telescope’ 
was a4.5-inch Newtonian and I’enj ed 
in the pollution-free, darkksouthern ~ , 









of the hot Australian outback. It * , 
lark that tHe Milky Way casted a 


shadow on the ground. 
> skies are mediocre i stern 
observe from these evenings. 


taking really ont: exposures of 
‘ts sand always try to maintain a 
natural look.” 












Send your astronomy pHtotos sit res * 
of you alae your telescope ce pa QO rtc <@ \) 
spaceanswets.com and we a vCase 
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Pillars reyi Creation 
in the Eagle Nebula 
(M16) " , 








The Southern Pinwheel 
Galaxy (M83),in the 
constellation Hydra 
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Gamma Cygni region in 
the constellation Cygnus - 
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The Sun's chromosphere captured 
in a H-alpha wavelength 


Samuel Bleyen 
— Dublin, Ireland 
Telescope: 
Solarscope 
SV-60 Solarview 
H-alpha 
“My interest in 
astronomy began 
when I was a teenager. Although I 
do a great deal of astronomy during 
the night, observing galaxies, 
nebulae, star clusters, planets and 
the constellations, my real passion 
lies with solar astronomy. 
“Using my solar telescope, and 

a @r-1 010) 0 ms Oo 01010) DD) ire) eer ba nla: B 
I imaged the Sun's chromosphere 
- the outer layer of our nearest star 
- in a H-alpha wavelength. I was 
able to see a wealth of features on 
the surface including prominences, 
sunspots and filaments.” 





Chris Bowden 


RA) Carmarthenshir 





Telescope: N/A 





(os 
3 sapr-behyare)b)(<x6 
night sky from my o 
‘4 back garden, Ihave ~ 
e taken an active interest in astronomy and 
astrophotography. I still have mu | aes 
learn but have found various. onli or a 2 


a great source of knowledge and a fun 
place to share images. § 

t “I captured the fine convergegige of # =. gl! 
Venus and Jupiter in June this year using ). agh™ -| — 
my Sony Alpha SLT-A77 DSLR camera 
combined with a F2.8 (Seams from Send your photos to. _ 
Burry Port harbour in Wales.” a : 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 


Spaceanswers.com 
feature in All About 


Marzia Khanom 


Location: Luton, England 





Twitter: @Tubby_7 
Current rig 


Mount: EQ! 


“I have been interested in astronomy 
since I can remember. I used to get 
into trouble in school because I would 
be looking at space posters that were 
pinned up around the classroom 
instead of doing my work. 

“When I was 11 years old, my dad 
bought me my first telescope and I 
remember thinking this is it: my next 
step is going to be the Moon! The first 
telescope I bought myself was during 
my first year of university - I bought 
the Sky-Watcher Skyhawk-114 and it is 
perfect for beginners, so it's really easy 
and simple to use and move around. 

“During winter-time, I wait until 
around one o'clock in the morning 
for the Moon to be in view through 
my bedroom window and, I have to 
say, the sight is amazing since I am 
able to see the craters so clearly. It’s an 
experience that I want to share with 
everyone, as though they had never 


Marzia’s top three tips 


1.Do your research 2. Plan your 
If you'te looking to buy § observations 


a telescope, join a local Even though a full Moon pictures, it is vital to 


astronomy society first, | is marvellous to look get away from any light 
where you can try out at,acrescent Moonora pollution and havea 
different instruments half Moon allows you to really steady tripod. 


before you decide what capture the craters with Havinga star chart with 
to spend your money on. much more detail. 
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Info: Astronomer for 13 years 
Telescope: Sky-Watcher Skyhawk-114 


Other: HTC Desire Z smartphone, Samsung Galaxy S4 
smartphone and Nikon D5100 DSLR 


“This image of the 
Moon and its craters 


for a chance to 


S ace was taken by holding 
Pp my smartphone up to 
my telescope lens” 


“T experimented with 
different settings in order 
to capture the stars” 


seen our lunar companion before and 
like I was the only one lucky enough 
to witness its beauty. 

“One of the coolest places I would 
say astronomy has taken me is to 
Egypt when I went on a stargazing 
excursion with my sisters. Standing 
in the middle of a pitch-black Sinai 
Desert, we were able to see Saturn 
and its rings clearly through one of 
the telescopes available to us. It was 
beautiful - I felt like I could just jump 
through the lens and touch the planet. 

“Over the last year, I've been using 
a Nikon D5100 DSLR to take pictures. 
The more I learn to use the camera, 
the more I'm amazed at how many 
Stars are actually out there. I didn't 
even think it was possible to capture 
them without hugely expensive 
equipment, let alone a piece of 
equipment that is barely bigger than 
my own two hands.” @ 


3. Be prepared 


For long-exposure 


you is also essential. 


ad 


“The last 
supermoon of 
2014 in all of 
its glory” 
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“My favourite shot of Comet 
Lovejoy that I imaged earlier this 
year from my home in Wales” 





“Our Milky Way galaxy, 
taken in Western Australia 
in March this year” 


“The Whirlpool Galaxy (Messier 
51), shot from the Brecon Beacons 
International Dark Sky Reserve” 
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} Current rig 


“I have always had an interest in 
astronomy but, when I was a child, 

I couldn't afford a telescope to 
observe the night sky. It was my wife, 
who - years later - bought my very 
first telescope for me - a Celestron 
AstroMaster 130EQ for Christmas. 

As soon as I used it to observe the 
night sky for the very first time, I was 
completely hooked. 

“After a year I decided that I needed 
an upgrade, which prompted me to 
buy the Sky-Watcher 200P-DS to take 
images of the night sky. I could at last 
show my friends and family the type 
of objects I like to observe. 

“I have an engineer friend, who 
helped me to construct my pier using 
an old gas pipe, two brake discs and 
some threaded bars and nuts. It works 
perfectly and now my mount is ready 
to go whenever clouds allow. The 
setup tracks solidly. 

“Last year I went to Australia for 
a holiday and spent some time in a 
remote and extremely dark location 
to see the Milky Way. Our galaxy was 


stargazing stories 





Location: Cwmbran, South Wales 
Twitter: @MikeJoyAstro 
| Info: Astronomer for three years 


Telescope: Sky-Watcher 2O0P-DS and Celestron NexStar 6SE 
Mount: F:Q5 PRO Synscan 
Other: Canon 450D DSLR and ZWO ASI120 CMOS 


so bright and was easily visible to the 
naked eye, along with the Large and 
Small Magellanic Clouds. The sight 
was unbelievable and one that I will 
never forget. 

“The skies are not very dark from 
my home in Cwmbran, South Wales, 
where I am currently working my 
way through the Messier objects. I 
hope to have a picture of each of them 
individually eventually. 

“Astrophotography has been a 
real steep learning curve but when 
you show your images off and 
people say, ‘Wow!’ it does give you 
a sense of satisfaction. I started out 
in astrophotography by imaging 
Solar System targets with a modified 
LifeCam webcam and got some 
fair pictures of the planets and the 
Moon. Since I got my ZWO ASI120 
CMOS though, the quality has truly 
surpassed anything I managed to 
capture before. A highlight was 
capturing a photo of Comet Lovejoy 
last year that showed off, not only the 
colour, but the tail of the comet, too. @ 


“Last year I went on holiday 
to Australia - our galaxy ~ 
was so bright and was easily 
visible to the naked eye” 





Mike's top three tips 


1. Use social media 2. Join an 3. Don't rush into 
You should join social astronomical buying! 

media groups associated society Don't ever rush into 
with astronomy and Look to join a local buying any kit. Ensure 


ensure that you ask 
lots of questions of 
more experienced 
astronomers. 


astronomical society. You. that you do your research 
will get the chance to try beforehand. Try and buy 

out different pieces of kit something that will grow 
before you buy. 


with your experience. 
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Visionary STARLA 80 


A refractor telescope that’s ideal for observing the Solar System, 


the STARLA 80 is an affordable instrument for the beginner 


The Visionary STARLA 80 from 
Optical Hardware Ltd is a good 
telescope for those on a tight budget 
who still want to view a variety 

of night-sky targets at naked-eye 
magnitude. This refractor is also ideal 


Telescope 
advice 


Cost: £199.99 (approx $310) 
From: Optical Hardware Ltd 


Type: Refractor for children thanks to its lightweight 
Aperture: 3.15” build, for easy portability and its 
Focal length: 35.43” simple setup. Indeed, putting the 


telescope together is nothing short 
of a breeze and within ten minutes, 
without the supplied instructions, we 
had set up and were ready to test its 
mettle on a selection of targets. 
Before setting out to observe the 
July night sky, we studied the build 
of the STARLA 80. For the price, 
the general construction is fair but 
some of the ‘add-ons’, such as the star 
diagonal are quite flimsy. Trying to 
fasten it to the main tube posed a bit 
of a challenge and despite our best 
efforts to fasten it into place with the 
supplied screws, this particular piece 
of the telescope wobbled and even 
fell out when we slotted an eyepiece 
into it. There is a great deal of light 
plastic fixtures to the telescope, but 
for a retail value of only £200 for a 
complete outfit, this really is to be 


Best for... 


Beginners 
| Small budget 
Planetary viewing 
| Lunar viewing 


Bright deep-sky objects 
























expected to keep manufacturing costs 
low. We noted the alt-azimuth mount 
that promised easy use for the 
novice astronomer and can simply 
be replaced for the slightly 
more advanced equatorial 
mount, due to the combined 
versatility of the tripod 
and Vixen dovetail under 
the telescope tube. If 

you eventually want to 
replace the alt-azimuth 
mount, we recommend 
an equatorial mount 

that’s relatively light, 
given that the STARLA 
80 itself will topple 

over quite easily if it is 
unbalanced. The supplied 
1.25” Plossl eyepieces 

of focal lengths 10mm 
and 25mm (which provide 
magnifications of 90x and 
36x respectively) are of a good, 
robust quality. 

The Visionary STARLA 80 lives 
up to its claims of portability as we 
picked it up with no effort. Indeed, the 
refractor is ideal as a simple grab-and- 
go telescope that can be thrown into 


the car or carried to a dark-sky site. A 
waxing gibbous Moon had risen in the 


Fair quality Plossl 
eyepieces with focal sky as we placed the telescope on an 
lengths of 1Omm and even patio floor. The 5x24 finderscope, 
25mm, supplying which is simple to calibrate, pointed 
magnifications of 90x us in the right direction and it wasn't 


? and 36x, are ideal for 
| y observing bright Solar 
System objects 


long before we found ourselves at 

the centre of the lunar sea Mare 
Tranquillitatis (Sea of Tranquility). 
Views were decent as we began our 
tour of the rugged surface, as bright 
impact craters sprang into the field of 
view. Before catching a very good view 
of the crater, Tycho, we couldn't resist 
picking our way along the terminator 
for a display of craters dramatically 
played up in shadows and the Sun's 
light. Overall, views were clear, but 

we couldn't help but notice purple 
fringing along the lunar limb. Unless 
you are looking for flaws in the 
telescope's optical system though, this 
doesn't spoil the view. Heading away 
from the Moon, we moved away from 
its brightness in an attempt to test the 
STARLA 80's capability of observing 
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“We could 


For an entry-level telescope, 
observations are pleasing, 
however, there is a degree of 
colour fringing when we turned 
the telescope to bright targets 





ick out the disc 


of Jupiter along with Callisto, 


Europa, lo an 


fainter targets. The finderscope 
struggled to pick out fainter stars 
meaning that star-hopping with this 
telescope is out of the question. We 
do believe that users of this refractor 
will get more satisfaction from a red- 
dot finder when it comes to locating 
targets in the night sky. 

We waited until the following 
evening to catch Venus and Jupiter in 
the early part of the evening and were 
not disappointed. The pair, which are 
still not too far separated even after 
their close proximity in the night sky 
in late June, were ideal targets for the 
STARLA 80. Colour fringing was still 
apparent due to the pair's brightness, 
but we could pick out the disc of 
Jupiter along with its Galilean moons 
- Callisto, Europa, lo and Ganymede 
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Ganymede" 


- which appeared as points of light. 
Venus appeared as a very small and 
slim crescent through the field of view. 
Later on in the evening, we picked 
out globular cluster Messier 13 in the 
constellation of Hercules. Due to the 
telescope's small aperture, we didn't 
expect a great deal of light collection, 
however, we did successfully view the 
star cluster as a faint ball of light. 

The STARLA 80 provides good 
views of the night sky and certainly 
serves as a good inexpensive entry- 
level instrument for the novice 
astronomer. It's often difficult to find 
telescopes that come as a complete 
package below £300 and, given this 
refractor's ability to provide good 
views of Solar System targets and 
beyond, it’s certainly worth a look. @ 


STARGAZER 
Telescope advice 


” 





The 5x24 finderscope did the 
job when locating bright objects 
but struggled to pick out low- 
magnitude stars, making it 
difficult to use for star-hopping 



























For the price, an entire 
outfit is supplied, which 
includes an impressively 
sturdy steel tripod that 
served us very well 
during the review 


{STARGAZER' 


Smartphone stargazing apps 


We test two smartphone-compatible astronomy apps, to find the best portable night-sky guide 





Mobile Observatory 


Cost: £3.56 / $4.60 
From: Google Play 


Mobile Observatory is a good all- 
in-one for those who can't decide 
which planetarium app to buy. On 
first impressions, Mobile Observatory 
seems to have it all: when it came 
to retrieving information about 
specific targets in real-time, the app 
didn't disappoint. 
It provides an extreme amount 
of information, to the point that 
the developer has tried to cram 
everything onto the screen. It’s a 
bit much and may put off those 
just starting out in astronomy. 
If you're considering a serious 
stargazing hobby, then we can 
highly recommend the app on the 
information it provides alone. 
However, if you're just testing the 
Waters, you are best going for an app 
that’s more basic. We don't necessarily 
think that the vast amount of 











Verdict 


Winner: Mobile Observatory 
In contrast to Pocket Universe's 


information is a bad thing, especially 
since it makes for a more complete 
planetarium app. This is because 

it is very comprehensive whatever 
the time of year and whatever your 
location in the world. 

We did notice a slight lag between 
pointing the device at the night sky 
and Mobile Observatory telling us 
exactly what we are looking at. This 
occurred on several occasions but 
was rectified after restarting our 
device a few times. Overall, the app 
is extremely responsive as we used 
it for a night of observations. What's 
more, Mobile Observatory supplies 
night view' which allows you to use 
it without the expense of using your 
night vision. 

A very good app that provides 
everything you need for finding your 
way around the sky successfully. 





Cost: £2.29 / $2.99 
From: iTunes 


Pocket Universe includes the usual 
planetarium view that makes it 
ideal for newcomers to astronomy, 
showing users of iPhone devices the 
constellations in their positions for 
any time and location they desire. 
It also features a Solar System 
view, showing the planets orbiting 
around the Sun, quizzes to test 
your astronomy knowledge, three- 
dimensional planets that you can spin 
and study, astronomy news articles 
and much more. The planetarium 
view is only fair, however, and some 
of it appears quite amateur and basic. 
Pocket Universe usefully provides 
the rising and setting times of the 
Moon (as well as its phases), Sun and 
naked-eye planets, meaning that you 
can head out for an observing session 
without having to wait around for 
your chosen target. Some basic details 
are provided, such as the number of 
satellites and the period of rotation, 
but we felt that these didn't really 
serve a purpose for observing. 


Pocket Universe: Virtual Sky Astronomy 


We found that it identified 
constellations and some bright stars 
with no problems at all, as soon as 
the target passed through the app's 
crosshairs. Sadly, it didn’t identify 
everything, and it didn't have a lot 
of information on quite a few stars. 
The quizzes were entertaining but 
we did find that the questions were 
repetitive once we had taken them 
multiple times. 

An ‘Ask’ mode allows you to type 
in a question about the night sky, 
although the app is limited to the 
rising and setting of specific objects. 
Asking the app how many moons 
a planet has and what the smallest 
planet in the Solar System is, for 
example, we found that it didn't seem 
to know. 

Overall, we found the app good 
for basic astronomy, with its simple 
planetarium style and it seems to 
pack a lot into one app. However, 
despite this accessibility, Pocket 
Universe isn't the highest of quality. 


simplistic planetarium and incomplete 
database, Mobile Observatory is a high- 
quality astronomy app packed with information that 
leaves the observer fully equipped for a night of 
astronomy, even if it can be a bit intimidating for a 
beginner to the hobby. 
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1 Camera mou 
i0ptron SkyTracker 

Cost: £299 / $399 

From: Altair Astro 

If you're an astrophotographer that 

gravitates towards a DSLR camera for 

wide-angle, night-sky shots, then the 

iOptron SkyTracker is a rewarding 

purchase for capturing the dusty trail 

of the Milky Way. This SkyTracker 

is both northern and southern 

hemisphere compatible. 

It can be powered by four AA 
batteries, or alternatively there's a 
power connector. In the field, the 
SkyTracker held a Canon EOS 70D 
with no problems at all and we found 
the integrated compass extremely 
useful. Sadly, the same couldn't be 
said for the in-built spirit level, which 
failed to tell us if the system was level 
before we began imaging. 

Once set up, we were able to 
achieve very good results as the 
SkyTracker worked against the 
rotation of our planet for valuable 
images of the night sky. It’s a handy 
tool for those needing assistance in 
nightscape imaging. @ 
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Celestron Sky0 Link 
WiFi Module 
Cost: £159 / $89.95 
From: David Hinds Ltd 
Teaming up the Celestron SkyQ with 
a GoTo telescope, we are impressed 


with how easy it is to use this module, 


which seems to require very little 
effort for the benefit of being able 

to control your telescope with your 
iPhone or iPad. During our review 

of the adaptor, we instructed it to 
stare at Venus before heading inside 
for a short period of time. When we 
returned, we were impressed to find it 
continuing to do as instructed. 

The price is off-putting but the ease 
with which we were able to slew to 
any target we wished just by touching 
a pre-installed planetarium view on 
the screen of our Apple device, meant 
our doubts were quickly put to bed. 

Ideal for all levels of observer, 
the SkyQ Link makes aligning 
your telescope simple. For those 
who struggle with this step before 
beginning their observations, the 
SkyQ has this covered. @ 
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3 Books 

NASA Hubble Space 

Telescope Manual 
Cost: £22.99 / $36.95 
From: Haynes Online 
The Haynes manual of the Hubble 
Space Telescope is one of the best 
Haynes manuals published in a long 
time. There are plenty of coffee table 
books based on Hubble's imagery, so 
it’s nice to see one that focuses on 
the detail of what a truly astonishing 
spacecraft it really is. 

Similar to a Haynes car manual, 
author David Baker doesn't hold back 
on the technical side of the spacecraft. 
Plus, you get a complete guide that 
includes its trials and tribulations, 
how it was built and how it works, 
rounded off nicely with a biography of 
the spacecraft’s namesake, astronomer 
Edwin Hubble. 

We did come across several typos 
but these were very few and didn't 
take away from the accuracy and 
novelty of this Haynes manual. While 
the book can be a bit tech-heavy for 
newbies in places, we really couldn't 
recommend it enough. @ 






4 Binoculars 

Meade 15x70 

AstroBinoculars 
Cost: £64.42 / $199.95 
From: Hama 
If you're looking for a reliable pair of 
binoculars, these are the ones for you. 
Despite their size, the Meade 15x70 
AstroBinoculars are lightweight and 
comfortable enough for sweeping 
across the night sky in short bursts. 
But when we chose to observe targets 
in detail for longer periods, our hands 
began to shake and viewing was 
not so steady. A tripod for steadier 
observing is a must. 

While the build isn't the best, 
these 15x70Os are rugged and certainly 
promise to last for many observing 
sessions thanks to a sturdy outer 
casing. The optical system though, 
is very good, supported by a Porro 
prism design with BAK4 prisms. 
Light transmission is superb with 
clear, crisp high-contrast views of star 
clusters and the Moon's craters, lunar 
mare and valleys. With no ghosting or 
colour fringing, these AstroBinoculars 
are a worthy purchase. ® 
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A VISIONARY {ior7, 
STARLA 80 £260) 
TELESCOPE & 
FILTER KIT 


Get ready for the long winter 
nights with our latest competition 


Complete with 10mm and 25mm Plossl 
eyepieces, the Visionary STARLA 80 ae, 
| 
b 












refractor telescope is the ideal companion 
to truly kick-start your tour of the night 
sky. Ideal for the beginner, this refractor 
provides excellent views of night-sky 

(o)p) (cretecwiatelib (elon homantcmly Coles mee) elalaes 

and bright deep-sky targets. It's easy to 
assemble and the STARLA 80 also comes 
complete with a tripod and star diagonal as 
well as a versatile mount. 

Courtesy of Optical Hardware Ltd 
(www.opticalhardware.co.uk) we're giving 
away this essential piece of stargazing 
equipment along with an Ostara seven- 
piece filter kit that will give you exquisitely 
enhanced views of a selection of night-sky 
gems. For easy storage, the filters come ina 
handy aluminium hard case for portability. 








To be in with a chance of winning, all you have to 
do is answer this question: 


A: Sagittarius A* 
B: Centaurus A 
C: Fornax A 
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Enter online at: spaceanswers.com/co 
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SUPERLIGHT 
POLYCARBONATE CASE 


T1100 GTLS 
SELF - POWERED 
ILLUMINATION 





IN THE PHOTO: 
Camping underneath the Aurora Borealis, 
Iceland. Captured by Tim Nunn. 


FOLLOW OUR CONTRIBUTOR ADVENTURES - OR TELL US YOURS 
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Charles Messier 


The comet hunter who laid the 
foundations of modern stargazing 


Born in 1730 in Badonviller, France, 
Charles Messier was the tenth child of 
Nicolas Messier, a reasonably wealthy 
man who served the Princes of Salm. 
Sadly, six of Messier's siblings died 
early in their lives and when Messier 
was aged just 11 his father tragically 
passed away. 

When he was only 14 Messier 
witnessed a great six-tailed comet race 
across the sky. The stunning sight 
prompted a fascination with the night 
sky and the phenomena it held. This 
interest was further spurred by an 
annular solar eclipse four years later. 
This avid curiosity was far from the 
administrative and methodical work 
his brother had been training him 
in, but Messier would find a way to 
combine his talents with his passion. 

Aged 21, Messier found work as a 
draftsman for the astronomer of the 
French Navy, Joseph Nicolas Delisle, 

a job he obtained mainly thanks to 
his neat handwriting. Messier left his 
hometown and travelled to Paris on 
23 September 1751. Although he was 
saddled with long, time-consuming 
tasks, the job gave him access to 
Delisle’s observatory and he received 
mentoring in how to properly use the 
various instruments. Messier was also 
instructed to keep detailed records of 
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all his observations - this would prove 
key in later life. 

Messier soon proved his proficiency, 
and on 6 May 1753 he made his 
first documented observation of 
the Mercury transit. He was soon 
promoted to Clerk of the Navy. In 
1757, he began to look for the comet 
Halley which was suspected to return 
in 1758. However, the maps Messier 
used from Delisle were incorrect and 
he instead discovered another comet. 
During this search he also came across 
an object that looked like a comet but 
wasn't moving, which he summarised 
was in fact a nebula. He measured the 
position and it later became the very 
first entry into his famous Messier 
catalogue. This first entry is now 
known as the famous Crab Nebula. 

Although it had happened due to 
a mistake, this discovery prompted 
Messier to devote his life to comet 
hunting. Although initially Delisle had 
been hesitant in publishing Messier’s 
findings, he eventually became 
supportive of his student's work. 

Ironically, the catalogue that 
Messier would become famous for 
was actually born out of frustration. 
While searching the skies for comets, 
he came across an array of comet-like 
objects, such as nebulae, galaxies and 





star clusters and compiled a list of 
objects to avoid. During one seven- 
month period in 1764 he added no less 
than 38 objects to his list including 
the Swan Nebula and the Andromeda 
galaxy. He also added objects to his 
catalogue that other astronomers had 
discovered and by 1780 his list had 
increased to 80 celestial objects. Much 
to Messier's delight, the list aided him 
in his original quest to find comets, 
discovering several throughout his 
life. Messier also made the first-known 
record of an asteroid observation. 

Messier’s work became erratic in 
later life. His wife gave birth to his first 
son in 1772, but both died shortly after. 
In 1781 he suffered a terrible fall into 
an ice-cellar 7.6 metres (25 feet) deep, 
which took him a year to recover from. 
Messier’s work attracted attention 
nonetheless, prompting King Louis 
XV to dub him ‘Ferret of Comets.’ 

The French Revolution saw Messier 
lose his pension, salary and many of 
his fellow astronomers guillotined. It 
wasn't until Napoleon restored order 
that Messier was recognised, receiving 
the cross of the Legion of Honour from 
the Emperor himself. 

Messier observed comets into his 
old age, despite bad eyesight and a 
stroke that left him partially paralysed. 
The last comet he recorded was the 
Great Comet of 1807. On 12 April 1817, 
aged 86, Messier passed away. His 
great dedication to astronomy is now 
remembered in the naming of the 
deep-sky objects with their ‘Messier’ 
numbers - from M1 to M110, which are 
still used today. @ 
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with 14-24mm NIKKOR | Exposute 1/100s [450 500 : ~~ 
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| Nikon - | 
Photographer Andrius Aleksandravicius expresses the 


full potential of his creativity—and so can you. Turn your 
ideas into great images with the advanced technology 
of the D5500. Get inspired by Andrius’ full story and 
take your photography to the next level with the D5500. 


Visit europe-nikon.com/iamdifferent At the heart of the ‘mage 


2YEA i For 2 year warranty on any camera and lens kit simply register your new Nikon within 30 days of purchase. Offer applies to UK & Republic of Ireland stock only. Call 0800 597 8472 or visit www.nikon.co.uk/register 
, WARRANTY ¥ 





STRON 


pp-e7,|, [o}] Mele) lor. \ 8B Sa e)a 












MOST LOVED 
TELESCOPE 


NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 


" Skyat Night 
REVIEWED aS 


SEPTEMBER 








Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


